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Semi conductors, tiny electronic deviuoésgukeayged pr
i mportant enabling technology. They are fundamen
security activities, and they are essential buil
artificial i nt el | i geonnmtneu,n iacuattoi noonnso,u sa nsdy sqgtueammst,u nb &
more than six decades, consi stent growth in semi
concurrent cost reductions have boosted U.S. ecc
products, setrrviiecses, and indus

Since the Womddi aMae podoster a, the United States h.
research, devel opment , design, and manufacture ¢
|l eader in semiconductor resesdrgnh amdi dceovel apmperct
semiconductor manufacturing, but a compl ex miXx
the semiconductor supply chai Neventheldesasg, fabr2¢
the United Stat esd oacado wsretnme d ofnadru cltlo0% ofabg i cati on
13% in 2015, ctenmidechigne foam around 40% in 19¢
Many policymakers see the competitiveness of t he
domestic productionreff enemionomduectaonud azndrtimg ki
expertiseon aenxdp etrainedhsce, as vital to U.2S. economi
Several factors contribute to congressional cConc
semiconductor industry:

x 6XVWDLQLQJ WKH DELOLW\ RI WKH LQGXVWU\ WR FRQWLQXD

SHUIRUPDQFH ZKLOH GHFUHDVLQJ FRVW WKURXJK WHFKQRO
Because semiicnotnedgurcalorcsonproecnent s i n almost all
and fundament ailngt ot escehvheeriaol g peensefrogr mance and pr
affect multiple sectors and the broader U.S.

5HWDLQLQJ DQG VNR2OMILG KR PYMIRIKFRQGXFWRU LQGXVWU\
MREV LQ WKH &8ELiNHG 6WDHro brea niurd iatcke @i r i ng |
St apaeys twice that of the average U.S. manuf ac

7KH PRYHPPR®2 BRI ILUPV WRZPUIBXYL@®RGWHO t hi s
mo d &alb,| #esmi conductor facdsr elhafR&®d f@ndmslesi gn

capabilities,wiwhitlse degeaitngorss,d tlfiyamlgroircat i on
compafhes. fabless trend has contributed to a
production among a handf ul of firms operatin

x 86 UHOLDQFH RQ JOREDO VXSSO\ FKDLQV DQG SURGXFWLR

$VLD DPRCGQWUWELWR GLVUXSWLRQ RGHGERMLDXONGXH WR

1By 2019, Taiwan, South Korea, and Japan accounted fettwd r ds of t he worl dés semiconduct
and Chindor 12% of global fabrication.

2Executive Office of the President, Pr esRegppgtothd s Council of
President: Ensuring Lond@erm U.S. Leadership in Semiconductdemuary 2017at
https://obamawhitehouse.archives.gitestiefaultfiles/micrositesdstpP CASTpcast_ensuring_long
term_us_leadership_in_searmanductors.pdfAlso, e Senate floor debate on the National Defense Authorization Act

for Fiscal Year 2021Congressional Recordol. 166, part 128 (July 21, 2020),%. 4325

3 Beginning in the 1980s, some semiconductor companies began to contract for their fabrication needs rather than
maintaining their own fabrication facilities. These firms
as Apple that are not cladgsifl as semiconductor companies design their own semiconductor chips and contract for

their manufacturing.
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PLOLWDU\WRRMQIDAEWUTri ng diCorwomtaivoma sd Dri ise@ stehe
201®@0VFDPp and eanMexx alt et hadsredRumcessi ve

presidential administratirdres arme maerey itro Con
retain and expand advanced domestic semicond

X &KLWDHPHUJLQJ VWUHQJWKVXS SRHPW A B QMBBIRRERIKY D
HITRUW WR HVWDEOLVK LWVHOI DV D JOREDO OHDGHU DFUR"

Al t hougdwaGheirnd abrication is at | east a gener
industry in technology, it appears to be cat
acquisition, coll abor athieonu,s eanod tjroamstf evre.n tTuhri

|l i censi ng a-beodpeerme nstosu,r clk. S.echnol ogy pl atf or ms
as wehle asring of foreign talent and the pur
software tool s.

x $VVXULQJ DFFHVV WR VHFXUH VHPLFRIQGXEFWRUVIIRU PLOLW
Trusted Foundry enmtogafamDeftdrs ®dep@O®D)m has, for
decade, rel i ebda soend af osuinndgriye tW.-esslggpl y secur e,
semiconductors. Concerns about the sustainab
has generated interest ibnr caa deerr nraatngvee sof i ncl
commer c itodtlhper $t desi gn and fabrication capabil

Al t hough some countries, including the United St
i ndustry, the s d&opsdtagdnk ffoaltes afrafhimparcadre nh & ¢ .
the potential to shift gl obal semiconductor proc
to China, a development that coul & effffoactt st hae ec c
al so of concern tosenamlyeypyounadgmmakme sglhbhelcalu rul es
of industry and acquisitions, forced technology
some aspects of the China semiconductor chall enc
posgdthe Japanese government and its semiconduct
a discussion of the feder al policies and investr
billion federal investment in SEMATECHuchori hdous
seRSSHQGL[ $

This report discusses the technical <c¢challenges t
gl obalc maipmd,y secure and trusted production of s
federal policies. This report also discusses cur
feder al assistance for the dofmerstries esarmdit oanrddict c
devel opment (R&D) activities.

21 OPEOOEUEUOUwW( OEUUUUa w! EUDEU
A semiconduct or (aanlnstoe gkrnaotwend sciimmpcluyi daas a mi croel e
compubhéep) is a tiny electrmaniposdeawygicosd togei) e rcalmipy
billions of components thlalt osftuotrétegis amosv ea r ea nnda dper c
possible by th uni que properties of semiconduct

e
whialhl ow for the precise uwrorngSerto.lc oonfdruchtfemsriesido w o f
many purposes i n dfamry exypremluea,f spf odenodesappl i cati

4 Organisation for Economic Goperation and Development (OEC)gasuring Distortions in International Markets:
The Semiconductor Value ChaMovember 21, 2019, p. 12, ldtps://www.oecdlibrary.orgtradefmeasuring
distortionsin-internationalmarkets_8fe449tdn A semiconductois a name given to materials with unique electrical
properties falling between a conductor and an insulator; products made from these materials are also referred to as
semiconductors.
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temposthoiéydocuments. Basthmbomadecbomsnprcavi dae
capabilities of ¢ oaugihnugd enposbo pheslane rn gp radydsut cetass,t
avionmawsstri adnmdnddhiamer ye qui pMaennyt parnodd uwetasp owist.h r
mechani cadasushkhsaemmanuf adchteuarviin gy edgetpeepneidd notn ¢ hi p
el ect.r aloidees n a wttamalei Itehse iulbligpui t ous rol e of sen

were once only mechanical and chemical in functi
el ectric automobiles may now éSDerhiad mmn dawsc thnarn yc haisp
are fualdatmendmer ging technol ogi cal applications

computing, 8G@Lhitnhges I(nltoslitymée tea nddatlaarpmreocessi ng and
super comBwiedxyH

Figure 1.Semiconductors: An Enabling Technology
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21 OPEOOEUEUOUW' PUUOUawWEOE W31l ET OOO0OIT PEE
The federal government played a central role in
engaged in eff or tisvetnoe sbsolosft erh et hle Sc.o mpeentiictonduct

address unfaEmartyad@eimputbteeistodesi anddob9bbousand:
vacuum tubes, crystal di otde sperfedramssi mmplse sa alr sy

5 David Coffin, Sarah Oliver, and John Verw@yilding Vehicle Autonomysensors, Semiconductors, Software, and
U.S. Competitivenesbnited States International Trade Commission (USITC), Working Pap@63DJanuary 2020,

p. 8, athttps://www.usitc.govgublications332ivorking_paperglutonomous_vehicle_working_paper_01072020
_508_compliant.pdfand Amanda Lawrence and John VerWHEye Automotive Semiconductor Markétey
Determinants of U.S.iffn CompetitivenesdJSITC, Executive Briefings on Trade, May 2019, at
https://www.usitc.govgublicatins/332kxecutive_briefings/
ebot_amanda_lawrence_john_verwey_the_automotive_semiconductor_market. pdf.pdf

6 SeeCRS In Focus IF1060&)verview of Artificial Intelligenceby Laurie A. HarrisCRS RepdrR46119 Cloud
Computing: Background, Status of Adoption by Federal Agencies, and Congressionglt#cBatricia Moloney
Figliola; CRS Report R4548%;ifth-Generation (5G) Telecommunications Technologies: Issues for Conlgyed#f

C. Gallagher and Michael E. DeVIn€RS In Focus IF1123TJhe Internet of Things (I0T): An Overvieby Patricia
Moloney Figliola; andCRS Report RL33588,he Federal Networking and Information Technology Research and
Development Program: Background, Funding, and ActivitigsPatricia Moloney Figliola
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Key Semiconduc tor Dimensions:
Feature Size and Wafer Size

This report refers frequently to two key dimeitns
related to semiconductors. Ondeature size , relates to
the performance of a semiconductor (generally the
smaller the feature, the greater the chip performaphead
the other, wafer size, which relates to the efficiency of
semiconductor fabrication (in general, the larger the
wafer,the lower the production cost per wafgr

Feature size describes the size of the transistor gate
length as measured hillionthsof a meter, ornanometers
(nm). Feature size isften referred to as the
semiconductor technology nodehich is used to identify
the technology generation of a chip. The extraordinary
advances in chip processing power have resulted primg
from continued reductions in the sizef the features that
can be printed on a chip. Generally, the smaller the
feature sizethe more powerful the chipas more
transistorscan be placed on an area of the same Sihés
also results in increased processing power gelar.
Manysemiconductors manufactured in 20h@re
produced at the 14nm and 10nm nodes. Some
manufacturers are producing at 7nm and 5nm nodes, W
efforts to manufactue at 2nm and 1nm.

Wafer size refers to the diameter of a wafer measured
in millimeters (mm)Wafers used in semiconductor
fabrication areusuallymade from thin slices gfure
silicon,whichserve as the substrate on which
semiconductors are manufacturésdrough
microfabrication proessng stepssuch as doping, etching
thin-film deposition, and photolithography. The diamete
of a wafer determines its surface ar&éhich in turn
determines how many chips can be made on it. A large
wafer diameterallowsmore amortization of fixed cas,
resulting in a lower cost per chif-he performance of a
semiconductor is independent of wafer size. Since 200
the largest wafers in full productidmave beer800
millimeters in diameter.

U7

er ,

i ring
.diThhge i ncreased
s created and
mi conduct oaasl

crement al gr oss

"GordonE.Mo r e,

AiCrammi ng

t qTmd sclodbagev.ati on

d trueTHherefdffecddewo ir Moewvedent
u

n

revol uti

Mor e

has

power and

onized entire i
prl @alyedi m emalliing innovat
domestic Product over

1965). Also see Gordon E. Mooisoceedings of the IEERol. 86, no. 1 (January 1998,
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Semi conduc,toal §acrnineofrearersed to as fabs or foundri e
of the whifeps ahatprintdee omaamsd st bheo ngiezae hdfengt h
chip (see box). Only a smal/l number of firms hay
semiconductors with reduced featurcef si ze, as t he
semiconductors requires -matensoy ¥lL @a ecqdeggep ment ar
semi conductor manufacturers have to make concurr
support of multiple generations of chip technolc

6EI T Uw2bal

Semi cbaduproducti on Fminégsi npertiemar(imny) udsiea nBeOer wa
to asnahl?2)LdXYKisé@a contradtu,i lgr o cudthieorl 918i0rse and
6c-andi nBch (also referred to as 200mm di ameter) wa
used nich diameter wafers. As wafer diameter incre
wafer, all owionfg ptrhoec efsisxiendg cao swasf er t o be spread
thereby i mproving production efftaAi20@mmand | owe
wafer can yield more than 2,400 1 Cs, compared toc
wa fler .

Figure 2. Evolution of Silicon Wafer Size

Anticipated
Production start
1969 ‘72 ‘76 ‘81 ‘83 ‘92 2002 date is not known.
I I I I
2in. 3in. 4in. 5in. 6in. 8in. 12in.
50y /7Y S0 200 S0 <200 < 300 ™ 450
\mm/ l\ mm | | mm | {mm | [ mm | [ mm | mm \ mm
— S \ 4 X /\ / \ | | |
— ~ o S\ \
T A
a =
{130 e
‘-\ mm |
g
p
(135
mm
~ Circles are not shown at actual wafer sizes.

Source: &56 PRGLILHG IURP (YDQ 5D RGhijy Ba@GtoriesKron&tRePL3303AKeBtill Going
6WURQJ LQ % SIRRiBUNQuNe/&R ZD1Q.

https://technology.informa.corpibinary532884

®Rockds Law, which is sometimes referred to as Mooreds sec
semiconductor chip fabrication plants will double every four years. John VeifeyHealth and Competitiveness of

the U.S. Semiconductdanufacturing Equipment IndustrSITC, Journal of International Commerce and

Economics, July 2019, Office of Industries, Working Papef$B, p. 17, ahttps://www.usitc.goydublications332/
working_papersd_058_the_health_and_competitiveness_of_the_sme_industry_final_070219checked.pdf

11 OECD,Measuring Distortions in International Markets: The Seoniductor Value ChairNovember 21, 2019, p.
20.

12 Angelo Zino and Jia Yi Youngsemiconductors and Semiconductor Equipm@RRA, May 2020, p. 37.
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Each reductiononni leatdra mbrxe it® a new generat.
technology. Some featur®s fodw chhipps pmrred noewr su nfldaew
5nMiSome companies have announced plans to move t

Most semiconduct Omsn améemadeEGf§iongs30o0o devel op
proven unsuccessful so far. The i mpetus for movi

costs resulting from the production of more chir
Del ayns iinnduastry shift to 450mm appear to be attr
getting equipment manufacturers, chip fabricator
move forward together in suchfabshicfhtj onhé apgot &
manufacturing equi @memrte;ntand vtelsg memd wss t(rii.ees , su
facilities Anot her factor in the decision to mc
best with broad®@me mpirgReit|l eonddutsong.consortium f
devel op 450mm omahfee rGlporboadlu c45 0 nConsor tlinutmegl ,whose
Samsung, Gl obal Foandet €Esl | 8&8MCof | BMnoscal e Sci en
athe Stateg Uhi WeowsyMtoerckh didé slbrasitdieftlutiewn 201 7.

The most advanced chips today may have more thar

l ed to feature sizes so small that perftbemance ¢
barriersil ehhag® Jaer t enta phenomenon known as qua
Reducing |l eakage current to allow even tighter j

rese@rch.

311 w&OOEEQwW21 OPEOOEUEUOUW( OEU

U. 8eadquaeemiecendductor firms were responsible for
Il 1'i on global mar ketAlnt h2o0ulgdh, tahse inte assaulreesd abrye she

bi
2012 ,-hedadsguart emegg rcogmtaani €tsar e ofl i dlgobma!l sal es
51.8% in 2012 (ts@ledXB).H8 % hens 2 0dle&bt a ar e based on th

BAccording to a U.S. I nternational Tr aeddeg eC ocntmogsssd oanr ¢ WSh T C
with a feature size of 14nm or below (for comparison, a human hair is about 75,000nm in diameter). The USITC also

points out over the | ast two decades more companies are fo
size of 32n65nmanl il egacy chipsodo with a feature sChizese from 65nm to

Semiconductor Industrial Policy: Past and Pres&#$ITC, Journal of International Commerce and Economics, July
2019, p. 4, abttps://www.usitc.gogublicationsB32journals/
chinese_semiconductor_industrial_policy_past_and_present_jice_july_2019.pdf

“YSamsung, fASamsAAnmg ublcest rSerciomsd Quarter 2020 Results, o pres
https://news.samsung.cagidbalsamsuneglectronicsannouncesecondquarter2020results TS MC, Smebsi t e, f
Technology 0 httast//www.tsmc.conenglishtledicatedFoundriéchnologydnm.htm

BJoel Hr uska, A450mm Si | incyo nT i Waef eSroso nA raesn 6Ma j bbarp pCeonnisnogr tA um C

ExtremeTechJanuary 13, 2017, https://www.extremetech.congmputing242699450mmsilicon-wafersarent
happeningiime-soormajorconsortiumcollapses

16 For differing opinions on the future prospects of silidtbm s ed semi conductors, see AThe | mpa
E n d i &egiconductoEngineering October 29, 201&t https://semiengineering.coth&impactof-mooreslaw-

ending/ andBret SwansonORRUHTV /DZ DW 7KH 3HUIRUP D oRéti@ EcBnBYyRVSHFWYV RI WKH (
American Enterprise Institute, November 2015, ppl%4athttps://www.innovationnj.netewsimooreslaw-at-50-the-
performanceandprospectf-the-exponentialeconomy

17 Global and U.S. industry sales represent sales of chips to a downstream customarser.end
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Figure 3.Worldwide and U.S. Semiconductor Industry Sales
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Source: Semiconductor Industry Association (SIA)20 Databoolp. 11.

JLIXWH o W lsgarhi ¢ o nrdaurcldeetr B 2019, based on headquart
this metric, the United States | eadBur dmpd | (owkd) .k
Tai wan (6%), ®@&samdi Chindwac t(®opinnt d ws tprag .eeoxf pheer € s

worl dwi de s a&llosw t5® % e mai2m 21D .

Figure 4.Global Semiconductor Industry Market Share , by Sales, 2019

Europe
10% United
States

47%

Source: SIA,2020 State of the U.S. Semiconductor Ingustry
Note : Sales based on the location of company headquarters.

As shodBBHQGL[s¥%x of the 15 | argest semiconductor
are headquartered in the United States: Intel, |
I nstrument ¥Nodalnld oNvitdhieas.e f i r ms 2Twne ymadnruafva catnu ra m
extensive base of suppl iSernsi clooncdautcetdo ri nl nndaunsyt rcyo uAr

18 Semiconductor Industry Association (SIR020Factbook April 23, 2020, p. 3, dbttps://www.semiconductors.org/

the-2020 siafactbookyour-sourcefor-semiconducteindustry-data/

¥ C Insights, fAlntel to ReGSlupipmi dumRamkOmeg S$Semi2ddmd wc tNowv em
https:/mww.icinsights.comewsbulletinsintel-To-ReclaimNumberOne SemionductorSupplierRankingIn-

2019 /.

20 Additionally, some companies, such as Apple Inc., design semiconductors for their own use but contract for their

manufacturing. Such firms are generally not classified as semiconductor manufacturers in govarindastry data.
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(SLAY he ipmduwmgt mpy Irt e paadret egd oiurp a2 @ HBaWt.dBat one
semi ctoomrd bfaidome t han 16, 000 sou p7uiBwiedhs cvad reldd wind e

the Uni ##ed &dditebsBon, in 2020, there are signs of
across national borders and industry segments.

21 ObEOOEUEUOUwW, EUOI Uw21l I Ol OUU
Semi conductors can be classified into four major
mi croprocessors and |l ogic devices; memory; anal c
Some of these products havienbkerdoad rf wsmeetcii dn al iutsye;
to SIA, the first twotphiodecbobfggbopal asabest for

1. OLFURSURFHVVRUV B@® ORsItH GIHX¥LFHWe i nterchange &

mani pul ation of data in computers, communica
el ecn?Tchseey perform a wide variety of tasks, s
processing program or a video game. Mi cropr o:
accounted for 42% ($171 b#llion) of total se
2. OHPRWMYL&HI®S €0 store i ndgmenat iiomc|l Tdhéeés dynamic
random access memory (DRAM), a common and i n
used for the temporary storage of informatio
anfdl anefmory, which retains data even when powe
I i

deviaceduna%ds I ®6 bi on) of semiconductor s
3. $QDORYL&HN® €0 transl ate analog signals, such

voice, into digital signal s. For example, th
of a musical p etraflo rrneacnocred iinngt os tao rdeidgionl i ne or
di sc. Analog devices accounted for about 13%
sal es.

4, 2SWRHOHPAWON@UWPWS GLVFUHWHYV FRPPREQO\ UHIHUUHG WR D'
Optoel ect or nairces naan dn | sye nusgperdsr f csrenge megr datight , f
exampl e, in trafficoduahtas otrr amarniegtacsr.s ,Di kgicad
resioctomntsain only one device per chip and are
el ectrictal function.

Many chip manufactutgpesspécobdhirzexdhmpt me sitfhiec

primary mabaasedfbnt &l SCorporation, the | argest ¢
by sal es $NSHQGELY % ssemi croprocessors for the pers
Mi croprocessor soamanmbrmetdirefi ecnolre technol ogi cal
expensive than other &Bemdicrondampg etri tpiriesd uictissmi d ma
considerably -Bematbgeartewvald, AUv&nc’®d Micro Devi ce

21 SIA, Beyond Borders: The Global Semiconductor Value GHdmy 2016, p. 3, dittps://www.semiconductors.org/
wp-contentliploads201806/SIA-BeyondBordersReportFINAL -June?.pdf

22 Angelo Zino and Jia Yi Youngdndustry Surveys Semiconductors and Semiconductor Equip@RA, May 2020,
p. 35.

23 CRS combined the global semichrctor sales data for microprocessors and logic devices (an older category of chips
that are now widely considered a t yFaotboo& Globahsemicoaduatoocessor ) a
sales figures are from the World Semiconductor Tradiésgts.

24 SIA, 2020 FactbookApril 23, 2020, p. 11.
%l nvestopedia, AWho are I ntel ds ( IhtpF/Oyww.iMaespediaCodsket i t ors?, o
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South Korean manufactur er sh aSaens uvh gc reomd t SKJ eH yhreir x
for 95% of gl obaPMDKRAMN s whlsasrtghees t2 i0sfleOhi conduct or
the world by $XRIHGEL[rb R 0rldc  rste ey@aerasr,y t hese comp

dependentke DRAM mar ket has been a challenge, as
commodities with little differentiation among t}F
mi cropr ®dlcre ssiddist.i on, DRAMs have been mawked by b
at times |l ed to dramatic reduction® in prices dt
Al t hough semiconductor sales are dominated by | ¢

semi condufcotcours foinr nssp.e cA cacl o szdeimlength eteadd sy makper t s,
semi conductor firms can compete effectively witht
particular market niches or by d#2FRoerl oepxiawngp Inee,w a
Skywater Tecthmal oGypr as §i Boafnfi cioannd@dn0zlit70,1 nd p nre o n
acquireadpiema2@30a singl e&ldmalsl cfualb ehonwinyidn mes otna .
pupetagmi condudilaoayt he country, and opesemg es as a
AiDOD Trusted Fojuomdrtyh®&r miglciatoserl ye c 2T hei O©sppr o e a m.
oDefense announced that it would &nweaextducg iton $:
obemi conductors desl gneds avi m$ha s etchug ialyi l ity to w
in shace.

&OOEEOw21 OPEOOEUEUOUW/ UOEUEUD
d are more de

n
d graphic of
he main parts

As semiconductors become smaller a
of manuf acsteupL,IXWHHeipnctesaa simplifie
production process that captures t

answersf20114who-areintelsintc-main-competitors.asp

26 Statistica DRAM Chip Market Share by Manufacturer Worldwide from 2011 to 20B8ch 3, 2020, at
https://www.statista.corstatistics271726g¢lobatmarketshareheld-by-dramchip-vendorssince2010/

27 Angelo Zino and Jia Yi Youndndustry Surveys Semiconductors and Semiconductor Equip@fRA, May 2020,

pp. 4142,

2AMicron, Samsung, and SK SeekingiAlphaMay 12e202D,R(AM Ol i gopol y, o
https://seekingalpha.coatticle434654 7micronsamsuneandsk-hynix-dramoligopoly.

29 First ResearcSemiconductor and Other Electronic Component Manufactudpgl 27, 2020, at

http://www. firstresearch.cortidustryResearct8emiconducteand OtherElectronicComponent

Manufacturing.html

¥Cypress Semiconductor, AfCypress Closes Sale of Minnesota
2017, athttps://www.cypress.coméwstypressclosessale minnesotawaferfabricationfacility; and Infineon,

Al nfineon Technol o gsitiom ef CYres Eemicomduetar @osporaiongpuess release, April 16,

2020, at https://www.infineon.contmsénkboutinfineonpresspressrelease2020INFXX202004049.html

31 A pure-play semiconductor company engages in contract manufacturing of semiconductors for design firms, but

produces no (or few) products of its own design.

2Samuel K. Moor e, AiThe Foundry atbst Be alle NEEH Sg@otreiBARPAOGs Pl a
August 6, 2018at https://spectrum.ieee.orgnoclasgemiconductorpfocessorshe-foundry-atthe-heartof-darpas
planto-let-old-fabsbeatnewones

BCarrigan Mill er, #Beamitn E xPkayvea toenr, 0 saMi@idagplsidt. Pagint agon Deal , 0
Business JournaOctober 21, 201 %thttps://www.bizjournals.corwincitieshews201940/21behindskywaters
chip-plantexpansiora-170m.html

|
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Figure 5.Typical Global Semiconductor Production Pattern

Semiconductor

Raw materials Front—er:jd fabrication machinery is sold to
Ingots are formed Semiconductors are producers for front- Desi
from pure silicon created on silicon wafers  end and back-end esan
> Z : : Semiconductor
and then sliced using various processes manufacturing.

and techniques (e.g., designs are created

etching, photolithogra-
phy, materials depositing).

into wafers.

using highly sophisti-
cated computer and
software design tools.

Back-end assembly,
test, and packaging
Semiconductors are

pp cut out of the wafers,
---------------- : tested, encapsulated

: into plastic packages,
and prepared for
purchase.

Electronic product sales

Electronic product manufacturing Final electronic products
Finished semiconductors are sold, with semiconductorsinside
typically to downstream electronic are sold to consumers

% product manufacturers, and incorpo-

rated into electronic products. : :
For illustrative purposes only.

Source: CRS, adapted from information provided by SIA.
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Silicon is still the most widely usatedasiFcvmat e
firms account ®orsi9d90% oonf wahfee rwoprriodd u €ttt isan ;antdwo J
Sumco, account'Sfbrcanowntle6®%are manufactured ir
around the worl d, incl udindg! aynwei &Jni amed ShatE@msit &

I

from wafers made from a combination of one or mc
periodic tabiem auwveknadegédGaAs), silicon carbi de
(GaRThhese materials are most often used in the n
cell sgmitdttigmg di odes (LEDs), sensors, optoelectr
| VI semdiucdmr s are generally ®whirakhtefffiers dyvar iw
i mproved performance characteristics over silicc
( DOE) :

34 Siltronic, Siltroni-A Leading Producer of Silicon &fer, Factbook, Investor Relations, August 2Q204, at
https://www.siltronic.com@ninvestorsfeportsandpresentations.htmi

35 A more recent numbering system foement groups in the periodic table, recommended binteenational Union

of Pure and Applied Chemistry IUPAC) | abel s groups |11 and V-Vaos igr auwopss 13 and

widely used for this class of semiconductor materials.

36 The bandgaisthe energy difference between the valence band and the conduction band of a solid material. No
electronic state can exist between these bands. Wide bandgap maé&znaisievices to operate at much higher
voltages, frequencieand temperatures
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Wide bandgap semiconductor materials allow power electronic compondmtsitoaller,

faster, more reliable, and more efficient than their silibbased counterparts. These
capabilities make it possible to reduce weight, volume, andyiéée costs in a wide range

of power applications. Harnessing these capabilities candedrdmatic energy savings in
industrial processing and consumer appliances, accelerate widespread use of electric
vehicles and fuel cells, and help integrate renewable energy onto the electfic grid.

Ot her advawtsaggmeisc oonfductilomg, twkei dh fyarenamdypes,
radiation resistance (especially important to tfF
operation at higher voltages, frequencies, and t
switching speed®osnwi bBskeswehighanspbwer density,;
strehgt h.

TheO®Of fice of Energy Efficiency andV Renewabl e Er
semiconductosthe odves Aones o EA Miamseféidtct tue n h g
Feder al R&Dr Eilmbfoet mati on 9dn Power Ameri ca

#1 UPT OOWNEEUDBDE OBOE O@mb DBEBENOIT
Semi conduct orhamarnuhfraecect Wriisng nct components. Some
particular component, while others engage in t wc

1. '"HVLJQin which companies conceive new product :
customer needs anpa rrteidauwhed rtchilersari idt daedaess i tgon
manufacture

2. JURGIWG IDEULRDAWfE®RRs are used to manufacture se
by etching microscopic electronic circuits o

commonl vy, ot her material s); and
3. %DRHNQG DVVHPEO\ S\DHWW U¥Y®RJ DIQcG whi ch wafers are s
into individual semiconductors,- encased in p|

control process

Fremtd fabriceanidoMTRBnHobhckequire highly speci al
that 90% of a4 h®eemiadamductor chip is split evenly
stages, while the remaininlg 10% is added during

Companies that design semiconductors may or may
An i ntegratuddcdavieae gchidbirip) ,dcebsaitigunc B EP-honseand

| DMs include I ntel, Samsung, SK Hyni x, Mi cron, T
STMi croel ectroni cs, I nfineon, and NXP. Some | DMs
for otsther atbilems firm, by contrast, engages sol el

S’DOE, Office of Energy Efficiency and Renewable Energy, Adyv
Semi conductor s: P uhttpsiiwivil geere.eheegy. Gomamufecteriaghd/pdfsa t
wide_bandgap_semiconductors_factsheet.pdf

¥DOE, Office of Energy Efficiency and Renewable Energy, Ad
Semi conductor s: Pursuing the Pr @mheRevolutonkPoeri ed Materi al s,

S e mi c o n d uhitpt/rewwsappbednaaterials.comanochiphanochipfab-solutionsépril-2019fvide-bandgap and

Texas | n sAtdvantages offide BandGap Materials inPowerElectronic® Part 1, 0 httast//e2e.ti.com/
blogs_b/powerhousetrchive201605/24/advantagesf-wide-bandgap materialsin-powerelectronicspart 1.

39 John VerWeyGlobal Value Chains: Explaining U.S. Bilateral Trade Deficits in Semicondydtt8ErC, Executive
Briefing on Trade, March 2018, p. 1,tatps://www.usitc.goygdublicationsB32kexecutive_briefinggbot
semiconductor_gvc_final.pdf
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contractf dbonddy yt fat typically has | imited or noc
manuf adésr g@np sihalwioscehmi conduct or ¢taoampaepbes, mauaha
somehoiunse fabrication production, but contract a
outside foundries.

#1 UbpT O

According to the research firm Trendforce, sever
firms, by adgeauvuteer adei diien hleu dinn g etdh &Sttad e st hr ee
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ARMa Unitedh&Kadmguwamt er ed comparmsy fa Bewikr @ ch  Bye pl ey
208 pot éemtyi @addihreqadtqual.t®red *design capabilities.
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industrial applications. Some o these chips may
degrees.

JLIXUHproduced by mar ket research firm I C I nsigh
for selecsedmhiCkens, the share of g taxh a&l) ,r eewvnan u e
t hper oj ected compound annual growth -arte)forCseve
for cell phones and personal computers (PCs) wer

for more than 40% of gl obal | Lt @ etv emrucejse ¢ tTehde d av

“TrendForce, fiGlobal Top 10 I C Designersé 2019 Revenues Dr.
Challenges from Covid9 Pandemici 2 02 0, Says TrendForce, 0 press release, Ma
https://press.trendforce.conodeXiew/3341.html

41 Nvidia, Nvidia to AcquireARMfor $40BLOOLRQ &UHDWLQJ : RuliyE§rivhadiyferRhie Agetof &AIR P
September 13, 2020, lattps://nvidianews.nvidia.coméwshvidia-to-acqure-arm-for-40-billion-creatingworlds-
premiercomputingcompanyfor-the-ageof-ai.

42 Angelo Zino and Jien Loon Choongemiconductors and Semiconductor Equipm@RRA Industry Surveys
November 2019, p. 31.

43 Angelo Zino and Jia Yi Youngsemiconductorand Semiconductor Equipmer@FRA, May 2020, p. 25.

44 Rick Switzer,U.S. National Security Implications of Microelectronics Supply Chain Concentrations in Taiwan,
6RXWK .RUHD DQG WKH 3HRSO$efitembed S0LE aslpFepRreddid( ttE) Bir Force, Office of
Commercial and Economic Analysis.
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annual growth rate (CAGR) for revenues during tt¥F
CAGR) and 1 oT (13.2% CAGR). The CAGR for all IC
growing from $297.7 bil.l5 obni lilnf*b2n0klech yt 208 Pag apsr og fe c t
growth beyond 2021 i nhcd sued emaarukteotmost h avree sa nadn d oglr. o W
only to a pol@aokedf the entire

Figure 6. Integrated Circuit End -Use Markets and Estimated Growth Rates
Dollars in billions

Source: IC InsightsResearch Bulletin, Automotive and IoT Will Drive IC Growth ThrpDglc@dbér 6, 2017,
provided to CRS by IC Insights in email communication, August 27, 2020.

Notes: Data for 2017 based on estimated sales. Compound annual growth rates (CAGR) fo2@Q1ased
on 2016 sales and projected sales for 2021.

Beyond fabless design firms and | DMs, competitor
i ndustr i edse.s iFgancse bcohoikps opti mi zed for the types o
servers. Apple develops chips for the iPhone anc
to develop chips thael ecutprpiocr tv eehl icecct @ g co aasn dwehlylb ra
autonomous driving functions. I n @a&ch gonasde chtihpes
is performed by contract foundries.

Semiconductor designers ofté&andebkleonhronhher desimg
automati owa'®RA) gnefrts wor k with foundries to en
reliably fAiRabfassufiedms worwvki tihn ccol notsrea ccto ofradbisn.a tH

Xilinx [a fabless firm] and UMC [a hKpontract fab]
where the fabless company has full access to the process technology and is an active

45|C Insights,Research Bulletin, Automotive and loT Will Drive IC Growth Through 2D2tember 6, 2017,
provided to CRS by IC Insights in email communication, August 27, 2020.

46 An intellectual property (IP) core is a reusable component of design logic with a defined interface and behavior. Arm
Holdings is the largest company that sells and licenses IP cores. Nvidia is in talks to acquire ARM. (George Leopold,
ANvi di a Glad de ton BAC WireDdaigusdt 3, 2020, dittps://www.hpcwire.con202008/03hvidia-
saidto-be-closeon-armdeall)

4T EDA firms make the specialized sefire that is used to design all semiconductor devices. The three largest EDA
companies are Cadence (U.S.), Synopsys (U.S.), and Mentor Graphics (Germany).

48 McKinsey & CompanySemiconductor Design and Manufacturing: Achieving Leadfidge CapabilitiesAugust
20, 2020, p. 4, dtttps://www.mckinsey.conmdustriesadvanceetlectronicsbur-insights/semiconductedesignand
manufacturingachievingleadingedgecapabilities
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development partner. Xilinx and UMC worked together to develop the process technology,
create test chips, and so on. I n buildingst , Xi |l i nx hac
for their own employee¥.

This relationship involves high |l evels of cooper
potentially increaseft He orliss K eadfg slcP oacousrse.a cA sv,a rni
agreements, encrewmgtniton)hearusmawdehdrti@e emr sharing o
EEUDEEUD O AOUNEADOBIUDIT Uwp

Semi conductor foundr reensd, mmamiucf ha cct aurr d uncgt ptrhoec efsrso n t
intensive operations. Hi gh c ampisttdImad eest sr aarye ati e
experts say that a new semiconductor factory, mu
years, now costs at | east $7 billion to build, v
cost as mucPAaso@m@dOnSyiAl |l itchre. majority of initial
the production of semiconductor magnunioarcet utrhianng e c
$100 mil¥ion each.

Because semiconductor manufactur er snthsavfeorhi gh fi
factory improvements, they require high capacit)
generally require retooling every few years, agsée
2018, the U. S s emi ¢ o n&duocntecsrt i nca neuxfpaecntdu rtiurnrge si nf dour s
equi pment ranged fr oWCa&ilt dli | dx peandiot $r2e2s bappr ma
value of industry shipments in 2018, compared t
as a *whol e.

Ot hcehranlgééeor t h e nicrtdiugsetrraypi d obsol esca&nce of <chips
i mproved designs d, smpdtaecret ipaxloldyvi ldehzs\pitragh i et s

i nvendarmddiineathed ads, as well as the hiwel cpmantof R¢
of next geneiatdiuen rghiREP GSpeeading

TSMC, headquartered ié& Tairwer,t dparnfatraarsgerdde i vgo rtl
contract>»cHhM@® makeane of only three manufacturers
most advanced sdetnhiocsoen dcuocnttoari ncihnigp st r &mei ott creg o f

t wo are Samsung and I ntel.eddMCt oeleinltd ya a®hd ulmic

4% Daniel Nenni and Paul McLellafrabless The Transformation of the Semiconductor Indys2019 Revised
Edition, p. 60, SemiWiki.com

50 James A. Lewid,.earning the Superior HFKQLTXHV Rl WKH %DUEDULDQV &KLQDYV 3XUVXLW RI
IndependenceCenter for Strategic and International Studies, January 2019, p.htthsat/csis
prod.s3.amazonaws.cosBfspublic/publication190115_Lewis_Semiconductor_v6.pdf

51 Conversation between CRS and SIA, June 5, 2020.

52 Capital expenditures based on NAICS 3344 (semiconductors and other electronic component manufamturing) fr
the U. S. CeAnmal €apiBllERpendiuréssSuryethttp://www.census.gopfogramssurveysaces.html

53 Industry shipments based on NAB@G344 fromAnnual Survey dflanufactures: Summary Statistics for Industry
Groups and Industries in the U.S.: 20B8https://www.census.gopfogramssurveysasmglatatables.html Capital
expenditures& t aken fr om t heAnbual®apitaCEpesdiluses Rirvetbttp:iméve.census.gov/
programssurveysaces.html

54 TSMC makes tailemade products for clients, unlike companseich as Samsung and Intel, which reserve a
segment of their fabrication production for their own products. TSMC is an important source of semiconductor chips
for a number of U.S. and Chinese tech firms, including Apple, Qualcomm, Broadcom, Nvidia, HuzdvEilinx.

TSMC also makes higherformance chips designed by Xilinx for U.S. military equipment, which in turn are used in
F-35 fighter jets and satellites.
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semiconductor fabrication plant i n &Ardias®ena, wher
chi® e Ari zona f acésl isteyc omau Ilmb nlud ac$IMC i ng site i
the company oper atne sCaamma so,| dvAr, 2MhOemne fiab piri mar il
me mo°tIyt. al so has design cent etTshei maA wstiGtny, oTX,T Sav
production is in Taiwan, where it operates three
100,000 psime e’tartovatheer 9 0 n n¥®Tthoe 7cnonmpnaondyeisanl s o has a
Nanji i na.

I f TSMC proceeds with its announced plan to buil
expected to be at | east 7% mor emaedxep & ms iTvaed wtamm mar
China, according to one assessment of the projec
facdgl irteyatively small capacity as wefl as to hi
Some in Congress huwtvet mias sperpoodeaemtd,ti iafdinaad gqibreqgc ur i t )
concabaost reliaheadquonaattapdi pooeéintc@dalsicy oged
tax breaks, |l i censur es, and ot her incentives off
pl amthe Uni fled States.
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Key suppliers to foundries include the makers of
fabrication of semiconductors, as %wHhHilcymsmavaf er
take two months, designs are placed on a wafer ¢
more than 250 photographic and chemical processi
number of manufacturers. Fiveeegh#mmehthess wgpl i er
worl dwi de %€@f eshe nf 209d8.Applied Materials, Lam R
Corporation are headquartered in the United Stat

ASMtand the Japanese fiagse Tokmma Eil extmake caho Cthi

55 TSMC says it expects to start construction in 2021, with production to begin in 2024. (TESMC Announces

Intention to Build and Operate an Advanced Semiconductor Fab in the Unitedd§tegss,release, May 15, 2020,
https://mwww.tsmaecomismcdotcontPRListingNewsArchivesAction.daetion=detail&newsidTHGOANPGTH)

%Joel Hr uska, ATSMC Wi | | B u i BxttemeTécMIayClB,i2@R0, Btoundry i n Ari zona,
https://www.extremetech.congmputingB10646tsmewill -build-5nm-chip-foundry-in-arizona

57 For the locations of TSMC fabs, settps://www.tsmc.conghglishcontact_us.htm#TSMC_fabs

58 TSMC, TSMC Annual Report 2018. 77, atttps://www.tsmc.conehglishinvestorRelationginnual_reports.htm
Some say A g dueacbnstiuciionadsts ey about 5% versus building a single altamel fab.

59 TSMC, GIGAFAB Facilities athttps://www.tsmc.conehglishdedicatedFoundrygianufactiring/gigafab.htm

0Scotten Jones, ACost Anal ySemiWikiednMayise 20B0atoposed TSMC US Fab
https://semiwiki.congemiconductomanufacturersgmc285846costanalysisof-the-proposeetsmcusfab/.

61 etter from The Honorable Charles E. Schumer, United States Senator; The Honorable Patrick Leahy, United States
Senator; and Jack Reed, United States Senator, to The Honorable Wilbur Ross and The Honorable Mark Esper,
Secretary of Commerce and Secretdripefense, May 19, 2020.

62 Angelo Zino and Jia Yi Youngsemiconductors and Semiconductor Equipim@RRA, May 2020, pp. 336. The

slicing of wafers to create semiconductors takes place in highly automated clean rooms, which must be kept free of all

airbarne matter, because the circuitry on a chip is so small that even microscopic particles can make it unusable.

Human presence is minimized in the c¢clean room, and product

63 StatistaGlobal Market Sha)H +HOG E\ 6HPLFRQGXFWRU (TXLSPHQW MeEX IDFWXUHUV IURF
2020, athttps://www.statista.corefatistics267392marketshare of-semiconducteequipmerimanufacturers/

64 ASML is the sole provider of the most advanced photolithography techriblextyeme ultraviolet
photolithographg used to make stat#f-the-art 5nm node chips, a technology not yet in mass production.
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word dsemi conductor fabfChanheer aBthi testduetfaor pmen
mostly dependent -Chn nle.sS. saunpdp hontdiresroareont hdestr yne e
assess that Chwveaaisiablekehgigenbus equi pment i
due t o t eSChonnivcearls eglayp,s .t h-bebabdgearteaddngebii 8onduc
equi pment firms depend on overseas sales, incluc
revéhnhue.

S nce the intéodweatiicomdafct@hri paolicy in 2014, U. S
equi pment to Chi nfao (hshgedX |.idltiteeaascecde stsh rtece U. S.
semi conductor equipment has become a focus of U.
contribute importantly s$emtbtendevebopmedtsbdfyCht
e Department of Commkeset ¢ DOE€3t hast ambadsdl e c
ricated using any U.S. design software or tec
pment used in overseas fabs, 6 %Tthoi sHuraewsetir iTcetcihon
notapcpuryr etnot Idyti rars , Cthiowes e r

n —

Figure 7.U.S. Exports to China, Share of U.S. Exports to the World of
Semiconductor Fabrication Equipment

Source: CRS, compiled from U.S. Census Bureau data.

Note : Data for North AmericanIndustry Classification SystetdAICS) Code 333242 (semiconductor
machinery manufacturing).

65 Saif M. Kahn and Carrick FlynnDDLQWDLQLQJ &KLQDTV '"HSHQGHQFH RQ 'HPRFUDFLHV IRU $
Brookings Institution in collaboration with Center for Security and Emerging Technology, April 202@&tp. 4,
https://www.brookings.edtésearchhaintainingchinasdependencen-democraciegor-advanceecomputerchips!/

66 Saif M. Khan,Maintaining the Al Chip Competitivkdvantage of the United States and its Alli@snter for Security
and Emerging Technology, CSET Issue Brief, December 2019, p. 4.

67 John VerWeyThe Health and Competitiveness of the U.S. Semiconductor Manufacturing Equipment,Industry
USITC, Working PapelD-058, July 2019, p. 5.

Bureau of Industry and Security (BIS), fACommerce Addresse:
Products Designed and Produced with UitS:/wwvilv.eomimerce.jou/gi es, 0 pr
newspressrelease®02005/commerceaddressefuaweiseffortsundermineentity-list-restricts and BIS, interim

final rule and request for comment s, AExport Administration F
(ForeignPr oduced Direct Pr oduc tFedea Regi¥teP@B49dMay 192028, mtt i ty Li st , o 85
https://www.federalregister.galdcuments202005/19/2020-10856£xportadministratiorregulationsamendmentso-
generatprohibitionthreeforeign-produceedirect
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I n kEadk production, chips are assembled into fin
to verify thatdeHdeypfupnctionaasemhtgnand packagi
finished products (e.g., smartphones). -This stac
intensive and is often performed in countries wh
Mal awsieanam, and t heendP hpirloidpupcitnieosn. iBsacfkr equent | vy
specialist packaging compani es. I't was the first
|l owest value additive stage of selmdocomaumaroa pr c
advaaoddsensitive in the semiconductor supply ct
in ¢hips

*T aw/ EUOU WOl wUOT 1T w&OOEEOwW21 OPEOOEUEUOU L
JLIXUH | ustrates the share of revenues accounted
|l ocation for four different segment s: ATBMs, f abl
U.B8ased firms | ead ivnenlubeM ,a nwdh iflaeb | Teas swafniersne rfa r m
foundry and outsourced ATP revenues.

,'/OVU. $ased firms account for 51% of total gl obal
in South Korea (28%), Japan (11%), .Europe (7%,

J)DEOHVVULBRSedacd¢comst for 62% of total global fa
byrai w&8®) (1China (10%), Singapore® (7%), Europe (

ERQWUDFW JTRAMEAN BB daécomst for 73% of total gl obal
revenues, fioimsotwbhdebdpni (1 &0, %PAlitAEs, Sout,h Korea (6
Jap(a2n%) and Yi2ng)apor e

2XWVRXUFHIGr$m8 based in Taiwan accounnudgsor 54% of
foll owed by firms based in the United States (17
(5%) .

Figure 8.Revenue forValue Chain Segments by Headquarters Location, 2018

Source: CRS, from data presented in Seamus Grine® G '"HELQ 'X "&KLQD:-V (PHUJLQJ 5ROH LQ WK
6HPLFRQGXFW R UTdda@nndnigalddd Fpdipyil 18, 2020https://www.sciencedirect.coséience/
articlefii/S0308596120300513

69 John VerWeyGlobal Value Chains: Explaining U.S. Bilateral Trade Deficits in Semicondydtt8§rC, Executive

Briefing on Trade, p. 2, March 2018.

701t is unclear from the source data as to whether theeva chips designed by nesemiconductor firms (e.g., Apple)

are included in these calculations.

“"Seamus Gri mes and Debin Du, AChinaés Emerging Role in the
Telecommunications Policpril 18, 2020 https://www.sciencedirect.costiencedrticlepii/ S0308596120300513
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Note : The source document uses the term Outsourced Semiconductor Assembly Test (OSAT); CRS uses the
term QOutsourced ATP consistent with the earlier taxonomy.

~ .

&OOEEQOw2] OPEOOEUEUOUWWEEUDPEEUDPOOW" ExEI

Whidcet ual pRXoMMSWXIMpampri etary and geRBSEBALWLHMonNnf i
are well known and used as the primary? metric foc
Close to 90% of worl dwide 300mm equivalent fab c

St a(t=&RBEQH
n 2019, North America (primarily the United Ste

I
capacity, account icnagp afcoirt yl,1 %l oowfn ">\8 @ noltndh Wiikide é a2 0 1
ranked first, foll owe@hiday asThad rwea ngr eva pfarngm ath% iCrhi
in 2Z%QB¥PEQH I't is important to note that this ra
characteri st ifc ss eonii ceoancdhu cctoourntprryoduct-i on; a wafer
g

eneration memory chips count £diglee saahme taogs .one

Table 1. Semiconductor Fabrication Capacity
300mm Equivalent Wafer Capacity by Country/Region, 2015 and 2019

Country/Region 2015 2019
South Korea 26% 28%
Taiwan 24% 22%
Japan 18% 16%
China 8% 12%
North America 13% 11%
Europe 3% 3%
Rest of World ROW) 9% 7%

Source: IC Insights, Global Wafer Capacity 202024.

3l wdodo2o0w2! OPEOOEUEUOUW, EOUI E
Nationally, about 730 firms | ocated in the Unite
rel at emamdefvactturing in 2017, based on the | atest
firms ?Tnhi2s0r3e.duction in the number of firms app

consolThHat Uo8. s emi &o ncdouncttroirb uitnidoumg/ttmye & shier ddd Shy e
value added was $29.9 billion in 2018, accountir

72 Some consulting firms may offer this data for a fee.

73 Rankings based on 300mm equivalent wafer capacity. Data from fabs using other than 300mm wafers has been
normalized to allow for comparison. Data based on physical location of fabrication facility, not location of company
headquatrters.

74 |C Insights,Global Wafer Capacity 2022024 February 13, 2020, p. 1, ltps://www.icinsights.consérvices/
globatwafercapacityfeportcontents/

75U.S. Census Burea6tatistics of U.S. Businesse2017 and 2013, based on semiconductor and related device
manufacturing, which is captured in the North American Industry Classification System (NAICS) code 334413, at
http://www.ensus.gowconsush/
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val ue™®sMddeflacturers continue to produce more povV
whil e reducing the cost per unit of computing pc

(OEVUUUUVawl1d#w2x] OEDPOIT
The need for | arge investments in developing nev
means that semiconductor companies spend far mor

manufactur erns 2i0nl 6genRe&Dalatsi @ shlaee wds dbme&% f or
semiconductor manufacturers and 20."3% for semicoc

compared to 5.4% for alll U. S. mabnausfeadc tcuhriipnnga kienrd,
spent $13.4 billion amlR&D 1M %2 ®I9Aw caorr davinaentt ad
SI'A, iwiddies tirryvest ment rates in R&D hawerr amged b
past decade, and they have remained ¢&onsistent]l
Due to theientdengy 8&MDIi spnductor companies regul
corporate patent recipients, measured by number
I nt el (3,020), Qualcomm (2,848), and Micron Tech
21 OPEOOEUVUEUOU W, Wi EEVDUUDOT w)

In the United States, three states (California,
half of&Gteept®@aneinftor ni a accou-ht @edhf of mbitedbmans
semiconductor manufacturingthebSDp@B#Q2019e¢for ot
According to the U.S. Bureau of Labor Statistics
manufacturingi nntdhuestUWryi tl o aSteadlt es, regardless of
184,600 workers in 20%, than, 660602008Wwer |l pobpbar(, t
decline may be attributable to a combination of
Statand towdracksd fti Eeloveshieom,. t he BLS empl oyment es
comprehensi ve. It does not include workers empl c
semi conductor establishment s, whi chwharl e starl #at ed
trade sector rather than the manufacturing sectc
“An industryos value added measures its contribution to the
from the U.S. Census Bureauds Annual Survey of Manufacture

"NSF, fADomestic R&D Pai midandRerfdrnhed by@e Gompanyyas aaPerdentaye bf e

Domestic Net Sales, by | ndu s tBusinessaResearchandPevelopmedtiinnavation2 016, ¢ T
2016, May 13, 2019, atttps://rcses.nsf.gopubshsf19318#&.

78 Securities and Exchange Commission (SEC), EDGAR System, Intel Corporatikirfilib@, January 24, 2020, at
https://www.sec.gowrchivesedgarflatab086300000508632000001412282019g410kdocumentcourte.pdf

79 SIA, 2020 FactbookApril 23, 2020, pp. 1718.

80U.S. Patent and Trademark Offigd| Technologies Repargranted January 1, 199%cember 3, 2019, March

2020, athttps://www.uspto.gowebbfficesiacido/oeiptaf/h_at.htm

81See SI Ads website for a U.S. map showing the | ocations of
https://www.semiconductors.osgmiconductord 01industryimpact/

82 CRS review of state employment data are from the Bu&rterly Census of Employment and Wa@EEW)

program.

83 CRS analysis of employment data from the BLS QCEW for NAICS code 3344itByst/data.bls.goeewiapps/
table_maker/4/table_maker.htm#typ@& year=2019&qtr=A& own=5&ind=3344138&upp-H. 2019 data are

preliminary.
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counts workers in other industries who may be er
own &i ume.

Semi conductor pro%uofi bat
The semiconductor manuf ac
twice the average for alll

akbpUeSenmaedufiadt uri ng e
turing workforce earnec
8. S. manufacturing wor

Table 2.Top 10 States in Semiconductor Manufacturing Employment

% of U.S.
2019 Semiconductor Semiconductor
Manufacturing Manufacturing
Employment Employment Total
California 42,211 23%
Texas 29,218 16%
Oregon 26,894 15%
Arizona 19,272 10%
Florida 8,613 5%
Idaho 8,214 4%
Massachusetts 8,114 4%
New York 6,822 4%
North Carolina 5,283 3%
Washington 3,320 2%
Top 10 States Total 157,961 86%
United States Total 184,632 100%

Source: CRS analysis of data from U.S. Bureau of Labor Statistics (BLS), Quarterly Census of Employment and
Wages, accessed July 2020.

Note : Semiconductor manufacturing employment data cover NAICS codes 334413 (semiconductor and related
device manufacturing).

Antoher 22,753 workers, earning an average pay of
manufacturing of equi pme®Tth eu seeqdu itpomematk ei nsdeunsitcroyn c
more than 7,000 jobs since 2011 d@$d3tad DHtiddnengr
in 2011 to $2%.2 billion in 2019.

21 OPEOOEUEUOUW/ UGEUEUDPOOWPOWUT 1 wa ODPUI I
Si x semiconductor companies currently manufactur
United 7BE@QHe3Thése fabs are | ocated in eight stat

84 CRS analysis of averagvage data are from the BLS QCEW program.

85 CRS analysis of BLS QCEW data for NAICS code 333242 (semiconductor machinery manufacturing), at
https://data.bls.goeéwlappstable_maker/4/table_maker.htm#typ@&@&year=2019&qtr=A& own=5&ind=333242&
suppH.

86 Griffin Holcomb, Semiconductor Machinery Manufacturing in the, UBBSWorld, Electric Connection:
Advancement in Tehnology Have Boosted Industry Performance, August 2020, p. Bpat/www.ibisworld.com/
united statesharketresearckreportssemiconductemachinerymanufacturingndustry/
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(5), Oregon (4), -hemdl gNieaw t ¥orrekd (s3e)mi clb.n"duct or com
than hal f-eonfd tpladoiere sfsriongt operati ons in the Unite
To attract, grow, and retain semiconductor manuf
states offer tax oisncdnotainvse s ,f rgereantasn,d,l cawnmd ot her
corporane decwlséme to build capacity. These poli
dol | arssotoatpbaet its wuseful | ife. Such policie

A recent example of state suppm@sorBmpiisr ea Sht5a0t0e mi | |
DevelaoapmCorporation to Cree I nc. toilmuild a $1 I
Marcy, NY, along with $100 mi¥¥NewnYdrok pheaesp aalesd h
agreed to provide up to $17. 6 miulrécihetrshee n gr ant s
Gl obal Foundries factory in East Fi®%hkil!]l, NY, as
Controversy has arisen overs fpeldeenrnaed d amedw sftaactiel istt
Arizona, intended to offsetgthefhbgheaer tbesUsi o E

U.8eadquartered semiconductor manufacturers have
facilities.

Xx I ntel fabricates more than half of its wafer
Ari zona, New Mexi op,erandcsOrfaden. nltl rellsand, I
Chi%a.

X Micron Technology has fabs in lIdaho, Ut ah, al
Singapore, J&pan, and Tai wan.

X Texas I nstruments operates fabs in Texas and
fab in Richazompamy HBXsoTheas manufacturing fa
Germany, Yand Japan

X Gl obal Foundries, a company bas&d in Califor

n.
sovereign wealth -danadd fhalks afcqrumereldy Uowned by

8Liz Young, fAState Approves $500 AibanyBusimess R&ielovember o Cree for

22, 2019, ahttps://www.bizjournals.coralbanyhews2019A1/22/esdcreefactorymarcyutica-grant.html Also see

New York State, iGover nor CRiroimoa tAen nPraurntcreesr sshli pBiwilti ho nCrPeueb | Gr
Largest$ | i con Car bi de Device Facility at the March Nanocenter

https://mww.governony.govhewsfovernorcuomaeannounced-billion-public-private partnershigcreecreating

worldslargest

80N Semiconductor, AON Semiconductor and Global Foundries P
300mm Facility, 0o pr estps/iwew.gobatforindriesqgoméivseveltspressréldased® , at
semiconducteandglobalfoundriegpartnertransferownershipeastand Gover nor Andrew M. Cuomo, I

Cuomo Announces Agreement with ON Semicastduto Acquire and Preserve GlobalFoundries Fabrication Plant in
Hudson Vall ey, 0 pr e s bttpsivenwgavernor,ny.ghyewsgbver&yomaaltntudces a t
agreemensemiconducteacquireandpreserveglobalfoundries

¥Debby Wu, ATSMC Scores Subsidi es Bloomber8JjucelBs2028,iatt es for $12
https://www.bloomberg.coméwsarticles2020-06-09tsmeconfidentof-replacingany-huaweiorderslost-to-u-s-
curbs

90 Securities and Exchange Commissi@DGAR System, Intel Corporation,-K0filing, at https://www.sec.gow?
doc7Archiveskdgartlatab086300000508632000001412282019g410kdocument.htm See al so I nt el , AHel f
Mai ntain I ndustry Lead e rhips:i/wvw.iatel.domdontentiriwiugendrohiteaduveantt i on, 0 at
technologyglobatmanufacturing.html

91 Micron Technology, 14K Annual Report, October 17, 2019, p. 27h#p://investors.micron.com/

92 Texas Instruments, 2019 Annual Report3pathttps://investor.ti.confihanciatinformationgarningsannuai
reports Al so see Peter Cl ar ke, ATl Tips Site f9%a Next 300mm A
https://www.eenewsanalog.camewsti-tips-site-next 300mmanalogwaferfab.
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and | BM Cor por atcioomp.a nlyn oapdedriattieosn ,f atbhse i n Ger n
Singapor e; in 2019, it halted plans for its
Chi%a.
Some firms and fabs produce semiconductors at ve
nodes. For exasnpdte,t Hentednmrmaddiecedown t o the 7nm
Foundries produces at the 90nm node down to the
Table 3.300mm (12 -inch) Semiconductor Fabs in the United States, 2019
Company Number of Fabs  Location Products
GlobalFoundries 2 Malta, NY Foundry/Dedicated
GlobalFoundries 1 East Fishkill, NY Foundry/Dedicated
Intel Corporation 2 Chandler, AZ Logic/Microprocessor Unit (MPU)
Intel Corporation 4 Hillsboro, OR Logic/MPU
Intel Corporation 2 Albuquerque, NM Logic/MPU
Micron Technology 1 Boise, ID R&D/Pilot Projects
Micron Technology 1 Lehi, UT Memory/Flash
Micron Technology 2 Manassas, VA Memory/DRAM
Samsung 2 Austin, TX Foundry/IDM
Skorpios 1 Austin, TX Fab/Pilot
Texas Instruments 1 Richardson, TX Analog/Linear
Texas Instruments 1 Dallas, TX Analog/Mixed Signal
Source: CRS, with data provided byemiconductor Equipment and Materials International (S&k&de group
that represents global semiconductor equipment and material suppdiefglay 6,2020,from its priority Fab
Construction Monitor database.
U.S. semiconductor manufacturing capacity has be
advanced capaci tDue,s ilno tl@ahregdgeospeeerrbspeeanst. i nvest men
over hewftf@ablse opened overarthermgxtcteavdaroalbeyear
According to the industry group Semiconductor Ec
construction is planned to begin o &r7e nteov Heab
| ocated in the United States, while 14 are to be
|l ocated n Taiwan (5), Southea®t Asia (2), Eur op
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Gi aan tBI Shw tt 0 @heiifd nRgadcst oCrhyi pl
South China Morning PosMay 20, 2020, abttps://www.scmp.coneconomythinaeconomyarticle/30852300s
semiconductegiantshutschinafactory-hailedmiracle

94 Email communicatiobetweenCRSandSEMI, May 6, 2020.
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1996, and the addi f

. miconductors and Intellectual Proper
aedr ought s ernelcaotnedd S lE Rl e (S CEEY FEEE

Semiconductor R&D investments provide competitive

h

clo S € . to Z ero In m3 advantage by enabling the production of more powerful

f ac.l l'itating the gl fnctonal chips and by reducing their costs. The knowlef! P P Iy
chi™h. generated by these investments is proteditas intellectual

property rights (IPR), which includes patents, copyrights

Tr addeet a pr ovpidet war @ and trade secrets, among other things.
manufactur i ma@adp rooeq IPRiscentralto the value and opéom of semiconductor
ounderst spdifherea companiesPatents, for example, allow the owner to
§ it . | produce unique products orse unique manufacturing
uars n i € S esm ppinyg processes, or to licenstheir use to others for
e X

(@]
o

chai kor ampl e, d | compensation. Thusemiconductorcompanies seek to
process, chi ps ar e | protecttheir IPR from countries, companies, and others
processed dmdhszeame |\ that would improperly or illegally acquire and use it. IPR
expeoda@v el akesf ore be also_lnc_entl_wmfurther investments in R&D that enable
. . continuing improvements.
i ncorporatpdodwmt . 3 . .
t han 40 % dafe t b IPR gnforcement is a particular challerigethe
_mo re 1 semiconductor industrpecause of the global nature of th
i mports weexrpeoffltheeds , | vXSSO\ FKDLQ DQG FRPSDQLHV- G
whil e Mal aysi a ac c (compliancewith IPlaws and practices. Trade tools to
40% of U. S. s e mi c o il protectIP and address patent infringement incltiue
2019 Nba | caoynstirai b ut i WTO and World Intellectual Property Organaion
’ . ) . .| provisionsand commitments, as well as U.S. trade, law
products i sprpod um:_a” Ml including Section 301 of the Trade Act of 1974 and Sect
assembly, packagi nd337ofthe Tariff Act of 1930. The U.S. government has &
semi conduant @t ©i ema a 4 negotiated specific IP commitments and protections in it
i ) | free trade agreementsiowever, inernational

Because of I i mi t at i enforcement efforts can be uncertain, costly, and time
trade data to capt (consuming. t he
supply chain, t he [Inaddition, much of aemiconductorFRPSDQ\-V Wp b a |
sales as a metri c f knowledge resides inits employees, who may be subjec
According -headdwnar tl the recruitment efforts of other companies and countries

. Counterfdt chips are also a recognized problem in the
compan ' es accoumt e ( semiconductor industry. The consequences of a counter
sales in 2019; f 0 r 4§ semiconductor can cause costly failures in a wide range
for 82% offThw.eS.e BU consumer, health, transportation, and military systems.
of EconomrepAnmnalsy $ il Forfurtherinformation, see CRS RepdRL34292 Intellectual

i Property Rights and International ,Thgidghayerah llias Akhtar, lar]
appr O xi featf ek VI _e 7 5 ro F. F%rgzssc?n, and Liana Wong. ¥ g
foreign affiliates h e
semi conductor industry iIs sold outside of
t he Untid’e.d St a

9 n July 2015, the WTO expanded the Information Technology Agreement (ITA), first signed in 1996, which has

more than 80 signatories, including the United States. Beginning on July 1, 2016, the signatories agreed to immediately
eliminate some tariffs anthén phase out others by January 2024, on 201 information technology products not included
in the original 1996 ITAChina is a signatory to both agreemenbts still has high tarif on certain productdlexico,
asubstantial location faglectronicsassenbly that incorporates finished semiconductors in electronic goods, is not

party to the agreements.

9% Re-exports refer to export of goods that were originally imported but then minimally processed before being
exported.

97 SIA, Trade, ahttps://www.semiconductors.omgliciestrade/ Also see SIABeyond Borders: The Global
Semiconductor Value Chaidune 15, 2018.

98 Bureau of Economic Analysis (BEA), U.S. Direct Investment Abroad, Aii/of U.S. Multinational Enterprises,
2017 preliminary statistics (accessed July 30, 2020). Table II.H®pat//www.bea.goworldwide-activitiesus
multinationatenterprisegpreliminary2017statistics
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JLIXWBHhows mar ket share by the |l ocation of compan
semiconductor mar ket

Figure 9. Semiconductor Industry Market Share , by Sales, 2019

Source: CRS, based 08IA,2020 State of the U.S. Semiconductor Ingusry

The following sections discuss semiconductor act

$EUUW UDE

Semiconductor fabrication is concentrated in Jarg
i ssadissed | ater in this report. | nh eaadddqg u & rotne rt eod |
firms operate fabs in the region. For exampl e, N
along with a fab ifi Tai wan and one in Japan.

Since t1B®& O0esalrdlapdpgauna r t e Bxehda rceo mpfa ntileess gl obal semic
has fall en si gntithfeiacdagrutalryt.e rSedv ecroamip aJnapeasn have cl o
some have gone bankrupt. | ndK2iOolx9,a ofnklbyi'Btewol yJ alpar

and &raryked among the top 15 semiconductor firms
$SSHQGL[ %

As the mar ket posiiteéonilsawd da@lainresdk, coomp@mani es b
Asia have become prominent gl obal manufacturers,
Sout hKdsraamsung El ectronics -amdl $IKauhgtehdi tx wer e t h
semi conduct ore cwompladniiens 2i0nl 9%t.h According to dat a
statistics portal, Samsung ihel 20438, 50 lolf o wdrck lgy
Hyni x at -B&a@@&uamtt &ced Mi cr on®Thoe | pdr e2s2e.r3ve oift st hgel
competistsi, vespecially with respect to TSMC and |
| eaedidye production |line in South!Kbeegrowtpr oflu
the South Korean semiconductor indushey has beer

99 Micron, 10K Annual Report, October 17, 2019, p. 27htp://investors.micron.com/
1001 2018, Toshiba was sold to Bain consortiurhjak includes SK Hynix, Apple, Dell, Seagate, and Kingston. Its
name was changed to Kioxia.

0ist atistica, The Statistics Portal ,-2011& ,o0 aMa rDcRWA M3 ,C h2 0p2 0V,e nadi
https://www.statista.corsfatistics271726¢lobalmarketshareheld-by-dramchip-vendorssince 2010/

sSamsung, fASamsung Electronics Expandse litns Fyoeuonndgtya eCka,p akca rt e
press release, May 21, 2020h#ps://news.samsung.cagidbalsamsuneglectronicsexpandsts-foundry-capacity
with-a-new-productionline-in-pyeongtaekorea
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financi al backing ocfonstornoel loefd tihned ul satrrgiea | fcaomi glyo m
chaebols that play & caemnfifcanybolb$teei ni Sout abKes e ¢
2019, the South Korean govermpmenxi matneluyn c®86 G hmit
by 2030 in thegemerdaitcitamns erfi menxdd®ttors for futu
Tai wan has bécdmadtimg wWworclad i on for semiconduct ol
di scussed fFabr he as e doiunRlatdaielsBatns emi ¢ onductor four
industry is dominated by two ®bnt2at9, masM€Cabadr
about t hrpereoducneison hedd®Bpatht ySME &ME. UMC were est
and directly funded by the Taiwanese gevernment
interest |l oans, and other subsidie¥Thalst hough bc
cocnentration of semiconductor manufacturing has
due to the risks associated with potential suppl
considerations. I n August 2020comBME€madnplanoedf e
3nm foundr$TSMC Thhasvsamai d that some of its resear
alternati¥°€bhet aswanmncgavernment is |ikely suppor
broader efforts to pé&®dmand @mavanhaedByeoalgnohodwni F
structuring the investment as an R&D ®enter, TSN
Singapore has al sosuppet opeédsamigooednmeot i ndust
public funds and bhakruotengi vabstohéremsUobi ke J
Tai wan, &Sisgapobegy has been to build a semicondu
i nvest ment by gl obal compani €%8l,t shuacsh naos iMi ccir goenn ce

semiconductor fir

"1 DOE
China accounts for 60% ofdigh olbad gal epnamtd d we ts@ mi
concentration of gl obal chbmstu metr kRasecplrdayneéd sa plric

103Eleanor Albert, RXWK .RUHDV &K,[ChuadE On BaeROReltpdsiMay 4, 2018, at
https://www.cfr.orgbackgroundesouthkoreaschaebolchallenge

“South Korea, fARemar ks gy FKreexsimbearyt tMdodmvikad System Semico
release, April 30, 2019, attps://englishl.president.go.RriefingSpeecheSpeechesP0.

105 Taiwan Semiconductor Industry Associati@wverview of Taiwan Semiconductor Indus2919, p. 9,at
https://www.tsia.org.twEN/PublOverviewRodelD=60.

) C Insights, fAFive Semiconductor Companies Hold 53% of Gl
2020, athttps://www.icinsights.comewsbulletinsfFive-SemiconducteCompaniesHold-53-Of-GlobalWafer

Capacity/

107Tain-Jy Chen,7DLZDQ YV , QG X V W 18pM@Ieparkrerit BAE6dnQiidd, National Taiwan University, April

2014, p. 9.

18 i sa Wang, AiTSMC Devel opi ngTabei fimesAugust B6, 2020, aNew R&D Center , 0
https://taipeitimes.comlewsfront/archives202008/26/2003742295

1Rami sh zZafar, ATSMC Rejects Production in US and Starts R
November 3, 2019, &ttps://wccftech.conémcusmanufacturingsilicon/.

110 SeeCRS In Focus IF10256).S-Taiwan Trade Relationdy Karen M. Sutter

11 Ministry of Economic Affairs, TaiwariTaiwan Key Innovative Industry: Semiconductdisirch 2018, at
https://www.roetaiwan.orgliploadssites80/201803/Semicondurs.pdf Tai wands Advanced Technology

Plan offers to cover 46 to 50% of total development funding for new technology not yet mature in Taiwan that will
generate strategic products, services, or industries

230hn A. Matt he w, thefEAst: Sreating a $emicondudtoa Inddistrpiri SingapGadifornia
Management Reviewol. 41, no. 2 (Winter 1999), https://journals.sagepub.cohaf/pdf/10.230741165986
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date in ch®Morpe otdluacnt i D% of hheusemiaoedaectbes

C

or made domestical M4 nby 0fl®r, ei2gin od hit hrea Ker6s .3 00 mm

plants in operation worl dwide we/DEQ¥ocated in Ct
Chi nheesased quar t e Ble@ Eroanpwmntiesare generally | ess te
those of companies headquartered in other countr
i n Chpenraf drsmeQh ibnye srfiébinht ems. Samsung, and TSMC are
gl obal semiconductor firms tMKat operate fabricat
Chinese firms, such as Semiconductor Manuf actur.i
t o beciamdgr atnheir capabilities in part due to coll
continues to attract global industry coll aborat:i
to the expadsnsfiaonr iocfatGhdmacapacintsy.ghMar K eotr erceasd &r
|l east half of semiconductor prodewotitom!|il edCHiabmhas
with the balance c¢c¥ming from Chinese fabs.
Table 4.Worldwide 300mm Semiconductor Fab Count
Number of Operatng Fabs by Country or Region

Country/Region 2015 2017 2019

Taiwan 29 34 36

United States 18 20 20

South Korea 13 17 19

Japan 10 11 13

China 8 12 24

Europe & Mideast 7 8 8

Southeasisia 5 7 6

Total 90 109 126

Source: SEMI Worldwide Fab Forecast, May 2020.

Two decades ago, China designated semiconductor s
vertically integrated domestic semiconductor i nc
@i naés Semiconductor Industry: 60% of the Global Semicon

2020, atttps://daxueconsulting.cooflinassemiconducteindustry/ Yi-t i ng Wan g, AChip War:

Tai wan?o

Chinads Semiconductor I ndustry Pol i c htips://cdDwebsteditor.ret i on, Uni v

b6f182e46cf54e88940dc05258b375@e8/uploadedCGI2_Wang_2019_Chip%2520War.pdhd Mark Lapedus,
AChi na: Fab Bemengineering® uMa r?¢ o Hitps;/sei€ngiveeringacoaminafab-boomor-
bust/

114 Matthew FlucoBetting All the Chips: China Seeks to Build a Wegldss Semiconductor Industi§KGSB
Knowledge, November 29, 2018, tatps://knowledge.ckgsb.edu.26/1811/29technology¢hinasemiconducter
industry!/

15 SEMI is an industry association wiaterials, design, equipmestftware, devices, and serviaasmpanies
supplying the semiconductor industry. The organization was formerly kno&ermgonductor Equipment and

Materials International S E M1 , ACount of Facilities in Operation, o0 provi

116 Sisi Chen, Integrated Circuit Manufacturing in ChindBISWorld, Industry Report 5043, July 2019, p. 18, at
https://www.ibisworld.conghinamarke-researckreportsintegratedcircuit-manufacturingndustry!/

117 John VerWeyChinese Semiconductor Industrial Policy: Prospects for Future Sydd&s$C, August 2019, p. 21.

8pavid Manners, fAChina I C Pr-pdR28tooH20Bxadawi ng 15%
https://www.electronicsweekly.comgwsbusines@hinaic-productiongrowing 15-cagr20182023201902/.
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Alexander@ i pman Koty, #AChips Al I n: | n vGhimd Briefigg March2,Chi nadés Sen
2016, athttps://www.chinabriefing.comhewsthips-all-in-investingin-chinassemiconducteindustry/

120Cong Cao, Richard P. Suttmeier, and Denis Fred Sifi@ind $5Ye ar Sci ence an dPhyfismchnol ogy P
Today 59 (12), 2006.

121 |nternational Trade Administration (ITA2015 Top MarketReport: Semiconductors and Semiconductor
Manufacturing EquipmeniA Market Assessment Tool for U.S. Exporters, July 2015, p. 18tmt//legacy.trade.gov/
topmarketsgemiconductorasp

2R Chi ps on t HheeiEcono&isttanubrg 28,2816, dttps://www.economist.comlisiness201601/23/
chipson-their-shoulders

123Made in China 202% a highly detailed0-y e ar fAgui de for Chinaés manufacturing s
into the gl obal manufacturing | eader before the centenni al
of principles, policies, and programs Chirgiéves will enable the achievement of the goals outlined in the report.

24Chi na St a NaiceOolssuing Sdveral Folicies to Promote the Hghlity Development of the
Integrated Circuit Industry and the Software Industry in the New Pé@uatfa (2020 8, August 4, 2020.

125 Office of the United States Trade Representative (USS&)tion 301 RepgrMarch 22, 2018, p. 113, at
https://ustr.go\gitestiefaultfiles/Section%20301%20FINAL.PDF

1%6See, forexamplehi nads State Council, iGui del ine for the Promoti o
I ntegrated Circuit I ndustry, 0onlssungSe2efnllPdlicies@lPiomotedhe St at e Cou
High-Quality Development of the Integrated Circuit Industry and the Software Industry in the New &@tiofh

(2020 8, August 4,2020Cent er for I nternational Governance I nnovation,
Analysis of and Recommendationsoralnt gi bl e Economy GOIGIfaperaNv.c289, March 2020 na, 0

at https://www.cigionline.orgilitestiefaultfiles/documentsio239_2.pdfJohn VerWeyfiChineseSemiconductor
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Industrial Policy: Past and PresériSITC, Journal of International Commerce and Economiiidy 2019andU.S.
Chamber of Commercé&jade in China 2025: Global Ambitions Built on Local Protecti®2®17, at
https://www.uschamber.cosifestlefaultfiles/final_made_in_china_2025 report_full.pdf

127 Christopher Thoma#y New World Under Construction: China and SemicondugctdcKinsey & Conpany,
November 2015, dtttp://www.mckinsey.conglobatthemesasiapacific/la-newworld-underconstructiorchinaand
semiconductors

2Yoko Kubota, fAChina Sets up N7¥alWStréeRJournBlOctober 25,201%te mi conduct
https://www.wsj.condrticlesthinases-up-new-29-billion-semiconductefund-11572034480

29Ti anl ei HuanGui 66dvEeuncenitn China: Financing Vehicles f
Economic Watch, Peterson Institute for International Economics, June 17 a22btps://www.piie.contdlogsthina
economiewatchfovernmenguidedfundschinafinancingvehiclesstateindustriatpolicy#_ftn2

WOECD, Trade and Agricultural Directorate, Trade Committ
Semicondugr Val ue Chain, 0 Neé€v.ember 21, 2019, pp. 94

BlY i mi a nChwaStatedwned CICIIFto Launch $255M Semiconductor Fuwith Foundry Ghina Money
Network athttps://www.chinamoneynetwork.cog®1805/07/chinastateownedciciif-to-launch255m
semiconductefund-with-foundry.

132 Josh Horwitz ChinaSemiconductoiFab SMICGets $2.2 blrinvestment fronGova Funds amidGlobal Chip
Spat 06 Reut er s, himsywwl.Butersorgtitlechim-semiconductesmickthinasemiconductefab-
smic-gets22-bin-investmentfrom-govt-fundsamid-globalchip-spatidUSL4AN2D019Y.

BAccordi ng tlopattidular, b&dGatket eduity in the sense of this report poses a formidable challenge

to notificaion mechanisms given its lack of an internationally accepted definition (much less an estimation method).

The consequences extend beyond trade and competition, however, as the lack of transparency on financial support
undermines government accountabitityd public oversight @®EED (2019)fiMeasuringDistortions inlnternational

Markets: TheSemiconductoalueCh ai n, 6 OECD Tr ade pP. @04,0ECD Piblsipng,rParis,atNo. 234,
https://doi.orgl0.17878fe4491den)

or

or

ee

B4OECD (2019), fAMeasuring Distortions in | OEGDTmdet i onal Mar k

Policy PapersNo. 234, OECD Publishing, Parat,https://doi.orgl0.17878fe4491den
B0ECD, Trade and Agricultural Directorate, Trade Commit:t
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i nvest ment practices. Among other trade actions,

Semi conductor Value Chain, o November 21, 2019, p. 21.

¥ C Insights, i Chi n aadeine€ChfF anlal 2P &r5 0SGwratl dfori t1s<C MMvices, 0 pr
2020, athttps://www.icinsights.comkwsbulletinsChinaTo-Fdl-FarShortOf-Its-MadeinChina2025GoalFor-1C-
Devices/

B’see, for example, Antonio Varas and Raj Varadarajan, i Ho w
Semi conductor Leadership, 0 Boston Consulting Group, Mar ch

138 Saif M. Khan,Maintaining the Al Chip Competitive Advantage of the United States and its, Abeger for
Security and Emerging Technology, CSET Issue Brief, December 2019, p. 4.

139 John VerWeyChinese Semiconductor Industrial Policy: Past and Predg&tTC, Journal of Irgrnational
Commerce and Economics, July 201%%tps://www.usitc.goydublicationsB32fournals/
chinese_semicaluctor_industrial_policy_past_and_present_jice_july 2019.pdf

140]MEC is the Belgiurbased Interuniversity Microelectronics Centm,international researeémddevelopment
organization focused amanoelectronics and digital technologies

M1IASMIC, Huaweilmec, and Qualcomm in Joint Investment on SMI€ew Research and Development Compaiy
SMIC, PRNewswireJune 23, 2016t https://www.prnewswire.coméwsreleasesmic-huawetimecandqualcomm
in-joint-investmerdon-smicsnewresearckanddevelopmentompany300103277.html

142 Securities and Exchange Commission, EDGAR Sys&amiconductoManufacturing International Corporation,

Al nside | nfor mat iHnvastmennAgreemant andrevestment Exib Agreement in Relation to

Proposed Acqui si t i athttpsd/wvdvesecgowckiviese@gardatal267482/,

000130901415000028%hibitl.htm and Mar k Lapedus, A C8emganductat Brigineeripg Hi t s OSAT
February 18, 2016, a&ttps://semiengineering.coownsolidatiorhits-osatbiz/.

143 Securities and Exchange Commission, EDGAR Systehif://www.sec.goWrchivesedgartataf28421/
00011931251539266046587dex992.htpfiMattson Technology, Inc. Announces Completion of Acquisition by

Beijing E-Town Dragon Semiconductor Industry Investment Center Y a h o o httpsH/finanaeryaheo,com/
newsMattsontechnologyinc-announcesompletion131206198.html

YA Gi gaDevice to Mer geChindFash Mar&®Slovemb&22,2016a ur ce s, 0
https://en.chinaflashmarket.comefvsiiewad=10677
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145SeeCRS In Focus IF1134&ection 301 of the Trade Act of 194 Andres B. Schwarzenberg

MYySTR, fAUnder Section 301 Action, USTR Rel eases Proposed T
3, 2018, ahttps://ustr.govdboutusholicy-officespressoffice/pressrelease®018april/lundersection301-actiorrustr.

147 For further information, seERS Insight IN11208,.S. Signs Rase One Trade Deal with Chinlay Karen M.
Sutter

“pDepartment of DwedConmmnpy TAiRaR ComBanyg ane Three Individuals Charged with

Economic Espionage, 0 pr e btps:/wemdjusteesgeypapipocstateotvredconifpany 2018, at
taiwancompanyandthreeindividualschargedeconomieespionageThe Department of Justice also annoureceew
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Sessions Announces New Initiative to Combat Chinese Econom
https://www.justice.gowpakpeecldttorneygeneraljeff-sessionsinnouncesmewinitiative-combatchinese

economieespionage

149Debly  WiERginders Found Guilty of Stealing Micron Secrets for GhiBébomberg June 12, 2020, at
https://imwww.msn.conein-ushewstechnologyéngineersound-guilty-of-stealingmicron-secretsfor-chinaéar-

BB150eqQ UMC, pr eJME to Appealete €aurt Defision on the MicronGage June 12, 2020, at
https://www.umc.congnNewspress_releas€bntenttorporate20200612

Wpepart ment of Commerce, AAddition of Fujian Jinhua Integr
press release, October 29, 2018 (effective October 30, 284&);//www.commerce.gonéwspressrelease018/10/
additionfujian-jinhuaintegratedcircuit-companyltd-jinhuaentity-list.
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ri'%khe proposed sale of Xcerra, a semachaductor

(0]
e

151The Committee on Foreign Investment in the United StatB8J§) is an interagency body coogedof nine

Cabinet members, two efficio members, and other members as appointed by the President, that assists the President
in reviewing the national security aspects of foreign direct investment in the U.S. ec@felid$. is authorized to

conduct national security reviews of foreign acquisitions of-b&8ed firms under section 721 of the Defense

Production Act of 1950. The President has the authority to suspend or block foreign mergers and acquisitions involving
U.S-based firms if they present credible threats to national security, which include the loss of reliable suppliers of
defenserelated goods and services. The CFIUS process is legally bound by strict confidentiality requirements, and it
does not always disate whether a notice has been filed or the results of any filing. However, it does provide a
confidential report to Congress upon the conclusion of its review. For more information on CFIGRS&eport
RL33388,The Committee on Foreign Investment in the United States (CHWY3ames K. Jackson

152 For more information, seERS Report R4191dhe U.S. Export Control System and the Export Control Reform
Initiative, by lan F. Fergusson and Paul K. K&RS In Focus IF1095ZFIUS Reform Under FIRRMAy James K.
Jackson and Cathleen D. CimitgaacsandCRS Report RL33388 he Committee on Foreign Investment in the
United States (CFIUSpy James K. Jackson

BAl l'i son Gatlin, iMi cron Snubs TsinghuQYHWARWTVs % XY bQ H\eV 'DAIC
February 16, 2016, attp://www.investors.comewstechnologymicronsnubstsinghuafavoring-anotherchinese

partnershipanalyst/

154 James Fontanelg h a n iFairchil d Re|j Hnarcial TidesFebrbary 16C20i6nJestum Of f er , O

Jamer son and Eva Dou, AChinese Firm Ends I-ip@alt ment i n Wes
Street JournalFebruary 23, 2016.

155 presidential OrderRegarding the Proposed Acquisition of a Controlling Interest in Aixtron SE by Grand Chip
Investment GMBHDecember 2, 2016t https://obamawhitehouse.archives.dbg/pressoffice/201642/02/
presidentialorderregardingproposeeacquisitioncontrolling-interest

156 FPGAs are designed to allow pesainufacture programming or reprogramgof a chip for customized
applications. The benefits of FPGAs include greater flexibility, ability to more quickly meet market needs, faster and
parallel processing of signals;peogrammability, and ability for remote programming.

157U.S. DepartmentoffTeasury, fAStatement on the Presidento6és Decision
Corporation, 0 pr ess r etpsdavavdreasul gqplessaariaipressikl@ases?agesl 7, at

Congressional Research Service 31



Semiconductors: U.S. Industry, Global Competition, and Federal Policy

semiconductor i n
t

est ment fund awaCsF IWiSt hdr awn
recommendati on t

Vv
o} heé® President to block th

Table 5. Examples of Abandoned or Blocked Chinese Semiconductor Transactions

Year Buyer Target Transaction Value Status
2015 Tsinghua Unigroup Micron Technologies $23 billion Abandoned
2016 China Resources Holdings Fairchild Semiconductor $2.6 billion Abandoned
2016 Tsinghua Holdings Western Digital Corporation  $3.78 billion Abandoned
2016 Fujian Grand Chip Aixtron $723 million Blocked
Investment Fund

2017 CanyonBridge Lattice Semiconductor $1.3 billion Blocked
2018 Hubei Xinyan Xcerra $580 million Abandoned

Source: Compiled by CRS frorpublic reporting.
Note : Each of thebuyersin this tableis supported by CICIIF.
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158 Securities and Exchange Commission, EDGAR System, Xcerra Corporaf{ciilirg), February 22, 2018, at
https://www.se.gov/ArchivesedgarfiataB57020000119312518054208833034d8k.htm

159The United States has imposed controls on exports from China related to semiconductors and semiconductor
manufacturing equipment in various forms since the Cold War. The U.StDepae nt of Commer ced s
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Department of Stateds Directorate of Defense Trade Control

export controls. They focus on dusde technologies, including semiconductor goods, which can potentiallypbtive

commerci al and military applications. I'n addition, DODb6s D

coordinates the technical and national security review of direct commercial sales export licenses and commodity
justification requests, includg reviewing and commenting on proposed and final rule changes on export controls from
the Departments of Commerce and State. AsCRS Report R4191Ghe U.S. Export Control System and the

Export Contrd Reform Initiative by lan F. Fergusson and Paul K. KemdCRS In Focus IF1162T1).S. Export

Control Reforms and China: Issues for Congrésslan F. Fergusson and Karen M. Sutter

faBureaucracy and Counterstrategy: Meeting the China
Secretary, Bureau of International Security and Nonproliferation, U.S. Department of State, September 11, 2019.

161 The Entity List identifies perens involved, or with the potential to be involved, in activities contrary to U.S.

national security or foreign policy interests. BIS typically requires a license for U.S. shipmerfodf E
AdministrationRegulations (EARjtems to thosen the Entity Lt BIS presumes denial for some parties, but still can
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approve licenses on a cadsgcase basis

2] S, A Commerce Addresses Huawei 6s Efforts to Under mine En
with U.S. Technol ogi?202,abttpp/menwscemmered.genbvsfaessrelasgR02085/
commerceaddressebuaweiseffortsundermineentity-list-restricts and BIS, interim final rule and request for

comments, AExport Administration Regul at i-Prodsced Dhette nd ment s t
Product Rul e) a nFdderallRegiste2a849, May 1912020t &ftps://mBvilv.federalregister.gov/
documents202005/19/2020-10856£xportadminstratiorrregulationsamendmentso-generalprohibitionthree

foreign-produceeadirect

%3James Andrew Lewis, fAManaging Semiconductor Exports to Ch
I nternational Studi es, May 5 )| Chp ddvdhtage 8fahe nited StatéSlarelits, A Mai nt ai
Allies, 0 CSET I ssue Brief, Center for Security and Emergin
AU. S. Semiconductor Exports to China: Current Policies and

%Thil o Hanneman, Daniel H. Ros eHHNayShees 9hna @wesimentand Adam Lys
Trends2 0 2 0 U RhbdiumeGroogp May 11, 2020; Michael Brown and Pavneet ¢
Tr ansf er Defense lmrioeation Undt Exgerental (DIUX) January 2018.

Runhua Zhao, #ABriefing: ChiXnauaSeavsAgengyp NDomenbieirc 9Chi2® 181 | ii&
Mobile Deepens @ RAN Research, Showcasing Si gnRRNewswargFebruarg26i evement s
2019.

166 The nature of open source allows participants in one country to gain from the technological expertise that resides in

another country. Proponents of open source technology highlight its ability to speed technology development, ensure
interoperability, and iorease security by identifying and resolving problems more quickly. Critics highlightobat o

technology platformexplicitly threaten the core IP that has been tigpad by leading).S. software and hardware

companiesOthers argue that open technolgdgtforms are rapidlgeveloping in airection that could be used to

exploitgray areas or gaps in U.S. export control authori8es.e Car ol i ne Mei nhardt, fAOpen Sour
Chinaodts Efforts t o Dec oupMeratdr Institite fof ©hina StuglieMarcii 18172620.hnol ogi es, 0

%7Josh Horwitz, AAlibababés Chi p R&uemgluly2602019Rel eases First Cor
https://www.reuters.corafticlelis-alibabachip-designéalibabaschip-division-releasedirst-core processoip-
idUSKCN1ULOW6G Fangyu Cai , fiAl i baba Open SS3ynched@ctobell0,201MCU t o Boo

Congressional Research Service 33



Semiconductors: U.S. Industry, Global Competition, and Federal Policy

$0UOXI
Europmeanquartered semicondulc®(o®4 Of ibringlf oabcaclount ed
semi conductld®dr ()s&X@gl Threae firms based in the Eur

STMi cr oe/l eltnrfoinniecosn, Taencdh nNoX Po gSéamsh c bed uamod® g t he wo
top 15 semiconductor $ESHMBE[b% sales in 2019 (sece

Europpeandquartered semiconductor compraal edi n@nd t
the automotive industwugtremeér;@ay thaepazt ifldiattmdoens, an
productionantil compumeé®Socnei pespean companies are
consisdterrosmdgi p nar,cmoibt ¢ et teé eanmdmdostat apnapplicat
andecuri(te.pg.b,spbsr,t sand 9g,maa tmparoknets domi nated by N

and STMicrieuedspsdhmires.of gl obal revenues for fa
Il May 2013, the EureEo@renonu nCooerdmi asrs ailomictr mgtsi ve ai med
Eur@dpeshare of gl obal semi conduBitlolri onman@ud &@t liir i Ini
public and private ifnunadni negf ffotrd u R&MM® 1 4nBdtubcvel t 1 e s ( (
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of gl obal chip nildrufrlzanr g rmp mgagyb gh a2v0e2 Oh.e |l ped pr eve
Eur@penar kent walhaemre fimabmi o eculiriombesge d f abs account ec
3% f g30bmam fwalbreircati on pirmdai@Cl 9,0 ntadsanpazxlnd5ys har e
(s&@REQ¥Bosch and Infineon, among the most i mport
semiconductors, are each cofWsStructing a new 300t

The European Eomanp ego wearr camanrt lsea t © tsE alkkdslpet er
mi croelectroni csb5BERRWLEQJ AORPWBR Q LeFp/pIDeCpXaHr @ KIDLQV L
byYyur@peemi condud taohCeo enonin graenr doameme htdhEap r ovi de

athttps://syncedreview.co@01910/23/alibate-opensourcests-mcu-to-boostai-research/ Ar j un Khar pal , #AAI i |
Unveils Its First Al Chip as China Pushes for datts Own Semi
https://www.cnbc.con201909/25/alibabaunveilsits-first-ai-chip-calledthe-hanguangd00.html

% n 2018, Qual comm, NXPo6s rival, proposed a takeover of NX

19p a g e T Gennmamyrto,Drivé Growth in European Semiconductor Marki#iarket RealistDecember 24, 2015,
at http://marketrealist.cor@01542/germanydrive-growth-europearsemiconducteindustry/

MASemi conductors: European Chi p HandelsblagtApriy30, 2008t t o Get Back
https://www.handelsblatt.cotatdaytompaniegemiconductorguropearchip-industryaimsto-getbackon-the-map/
23582014.html

MEuropean Commi ssion, fACommi ssion Propos é8ettétdargetedur opean | n
Support to Mobilize 100 Billion Euro in New Private Invest
https://ec.europa.esdmmissionpresscornedetaileniP_13_455

172 The initiative was named 10/100/20 from its three main goals. S&hporting Competitive Semiconductor

Advanced Manufacturing-ebruary 24, 2014, attp://www.semi.orgdukitestemi.orgfiles/docs/
SEMI%20Europe%20NewBSeb%2024%202014.pdf Al so see European Commi ssion, AEI ec
E u r o p ltpsd/ecauropa.adifital-singlemarketénklectronicsstrategyeurope

173|C Insights, Global Wafer Capacity 202620, IC Insightsat http://www.icinsights.conservicesjlobalwafer
capacityfeportcontents/

174 Bosch,Factsheet: 300 mm Wafer Fab in Dresd8eptember 30, 2019, faitps://www.bosckpresse.d@tressportal/
deenB00-mm-waferfab-in-dresder200769.htmland | nf i ne on TndinetnPepacyfor EosgerA G, i

Gr owt h an d Billianin &lenm380Millirhete6 Chip Factory in Austrig 6 pr ess r el eas e, May 18,
https://www.infineon.condmsen/aboutinfineonpresspressrelease018/NFXX201805054.html
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Since the 1950s, semiconductors used for comput e
based prsimairaddry. oA maj or area of rosne@dremenhag yf o
me t-oaxl i-sdeemi c o WGMISt drechnol ogy, which has been the
manufactur i ng YfRers emnalcfh e nade rdtewreyy.op mendn liemdi ng
the size of components -bhasedchemihe pndhact emabl @db

power ful , -eMidriecieemetr,gyand | ess expensiawe.t hkowever
di mensions of <critical el eqqeabhsumftdemektiesgaapdc
guantum effects [will] degrade and ultimately pr

175 European CommissioBoosting Electronics Value Chains in EurgpeReport to Commissioner Gabriel, June 19,
2018, p. 12, dttps://ec.europa.eadifital-singlemarketentenewedelectronicsstrategyeurope Eleven companies
and research bodies endorsed the report.

%The United Kingdomdés participation in the microelectronic
to last until December 31, 2020, is unclear. SBS Report R45944&rexit: Status an@®utlook coordinated by Derek
E. Mix.

177 The European Commission needs to be notified and approve state aid (a subsidy or any other aid) for projects by
Member States, especially those that target a particular sector prior to its initiation.

IFop0 Yun Chee, AEU Okays $2 Billion Micr BatereRetemieni cs Proj e
18, 2018. Al so see European Commi ssi on, nState Aid: Commi s
UK to give 01.u’ppoBritl Itiocond oPiurbtl iResSearch and | nnovation Proje
December 18, 2018.

179 CMOStechnologybecame the dominant technology for producing integrated circuits in the 1980s. Its low power
consumption, low heat waste, and higlisedammunityallow CMOS to integrate a high density of logic functions on a
chip.

Congressional Research Service 35



Semiconductors: U.S. Industry, Global Competition, and Federal Policy

devio®eEki s has spurred other federal efforts to d
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A number of technologies currently being expl or e
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di sruptjvpoeiffecesorhaeegaeamioeenductor industry. \Y
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i nnovationchAmdmwmogitlse umnealer devel opment are gquant
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Some of these technowlfdvgicgsl egad @elr dget hpomowetissalnigy,
tnami ssiontbapabehttbsemi cofi'@hcharandcbhbkeogygount
al so targeting these emerging technology fields.
The efforts under way face substantial technol ogi
physi cibetesn havdtkhpeo ) emfo o ant urh odomoutei tdhan 30 ye
but the technology is sti%] not ready for wide ¢

IDWLRQDO 6WUDWHJILF BRPIXWYKEQXR OQLBNLDPMLEYHI dent Obama
order estilddbtioeomaingSthat egi ¢ Goanpairt é atge lai ¢ 0 tad 9 ive
mu latgiency strategic vision and federal i nvest men
industry and academia, to maximize the benefits
Uni t edoAStkaetyeo.bj ect itvoe eosffioavbblei shhB,€El negst 15 year s,
forward for future HPC systems even after the |
reacfede executi vdt e dBOEdetSigedatei Fmalndati on (N
and DOD as the | eadt lgelnrcti elsl,i genrdc el eAsSd wwanmded Res
Act i(VIIARPA) and National I nstitute of Standards
R&D agenci es.

The NSCI has conumpuAdmidor $snhgathenT In June 2016
of Science and Technology Policy established a F
Computing under the Nation@NSSabemammani dndkeTeomhnol
Net wor ki ng ahec hmdloagnatResnear ch &hd DNeoweelntbpeme nt
2019, t he NSTC IDeWLeRaQsDeOd 6WUBWHAEIpFo &RPSXWLQJ ,QLWLDW
WKH )XWXUH RNh&R PréedgWdei@t) an expansive approach to co
semi ctomdumanuf acturing, examining steps to reald]

a computing ecosystem that combines heterogeneous computing systems (from-extreme
scale to edgeentered systems and beyond) with the networking, hardware, software, data,

180 National Science and Technology Council (NSTC), Subcommittee on Nanoscale Science, Engineering, and
Technology (NSET)The National Nanotechnology Initiative: SupplementWdK H 3UHVLGHQW )/ 1ysat %XGJIJHW
http://www.nano.gositestlefaultfiles/pub_resourcehi_fyl7 budget_supplement.pdf

181 Conceptually, quanturmomputing relies on quantum phenomena to expand the number of states in which data can
be encoded and storegtizal computingelies on light, rather than electric current, to perform calculations; and
neuromorphic computing relies on mimicking the atettiure and processing used by biological nervous systems.

®BAmit Katwala, AQuantum Comput er sWwidMarchgBRhate t he Worl d (1
https://www.wired.co.k/articlefquantumcomputingexplained

BExecutive Order 13702, fACreating RedeNbRedgisted6b/?46180, r at egi ¢ Com
July 29, 2015.

184 For additional information on the Office of Science and Technology Policy and ttenaleficience and

Technology Council, seERS Report R4393®)ffice of Science and Technology Policy (OSTP): History and
Overview by John F. Sargent Jr. and Dana A. Shea
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and expertise required to support oatil security and defense as well as U.S. scientific,
engineering, and economic leaderskfp.
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In 2018, Congress enacted P.hle.-3NgWE ionhal diQuentt audn tl
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t he goal s, pri or iyteiaers ,plaannd tnoe tarciccesl efroart ea dleOv el op
information science and techd@mnl Agy uaspp I3i0¢ a t2i0d s
President Trumpgie®ontadb|Quamed m hewiNaative Advi sor
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185 Executive Office of the Presidit, National Science and Technology Council, Fast Track Action Committee on
Strategic Computind\ational Strategic Computing Initiative Update: Pioneering the Future of CompWiNiogember
2019, p. iv, ahttps:/www.nitrd.goyubsNationatStrategiecComputinglnitiative-Update2019. pdf

186 |bid., pp. 38.
187Whereas classical computing ugb#so for data proessing, quantum computing uses qubits. The practical

difference between a bit and a qubit is that a bit can only exist in one of two states at a time, usually represented by a 1

and a 0, whereas a qubit can exist in both states at one time. This is mghenealledisuperposition and it is what

allows the power of a quantum computer to grow exponentially with the addition of each bit. Two bits in a classical
computer provides four possible combinati®r@), 01, 11, and 10, but only one combination aine.t Two bits in a
guantum computer provides for the same four possibilities, but, because of superposition, the qubits can represent all

four states at the same time, making the quantum computer four times as powerful as the classical computer. So, adding
a bit to a classical computer increases its power linearly, but adding a qubit to a quantum computer increases its power

exponentiallp doubling power with the addition of each quiiRS Report R4540%Quantum Information Science:
Applications, Global Research and Development, and Policy ConsideratipRatricia Moloney Figliola

BExecutive Order 13885, fEstablishing the€edMaARegistenal Quant um

46873, Augus30, 2019.
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el ectroni c'®¥Fapgopodnght MRyresar fafvfeort, i s expected t
mi | Jwiamh DARPA providing approxiatteily W% eamgsi i
providing app%JoxMPma tse lay seuc%.essor to the DARPA S
Advanced Reweag&r i STMRwéti chpsagpemit @abdor ati ve netw
research cernftiemrdadsi fcpastelds ommr ound t he fundament al
| ohgrm growth of theodHmicroelectronics industry.

Twof JWMP ckotes sendtiogictl y related to semicondu
manuf aclther iApg.l i cat ir-DonwveandcCedy-EfrEihoiremcmnmelrytyegr at
Nanotechnol ogitaugha®@s3CEBNT)and device innovations

189 For more information on quantum information science,GR8 Report R4540%Quantum Information Science:
Applications, Global Research and Development, and Policy ConsideratipPatricia Mloney Figliola

19D A R P MARPA Announces Next Phase of Electronics Resurgence Initiatve pr ess r el eas e, Novembe
athttps://www.darpa.mitiewsevents201811-01a
191 |pid.

92Manuf a c t u r iHigigighting Manufagturing USA o httast//www.manufacturing.govPowerAmerica is one
of six Manufacturing USA institutes funded by DOE. In addition, DOD has funded eight institutes and NIST has
funded one. For more information on the Manufacturing USA institutesR8eReport R4437T,he National
Network for Manufacturing Innovatioty John F. Sargent Jr.

193The Semiconductor Research Corporation is a nonprofit research consortium founded in 1982 that supports
semiconductorelated research and education progratitis gtobal operations.

94DOD, DARPA, hitps:UnMR.datpa.railboutustimelinefump.
¥Semi conduct or Re SERnetReseaichd hitastl/vaviv.sre.argirogiamstarnet
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anticipated | i mietcsh noflwdig@lreenetelre €Md®S Research on | |
Storage andméemorcye sCQRIQDP )X s r et bime mbr yoaw& Op p |l e
yealtd technical bottleneck in computer systems t

t ecchani di¥covery.
IDQRHOHFWURQLFV IRUh e § D®GtgaH\R®Ed under t he Nati on

Nanotechnol ogy’ftlmidiiatcower (&NMNd )use novel nanosca
and innovative concepts to predgsecemsevalndti onary
archi to8thafrfessitgnat ure i nid&Gi Nanwve elanhsdpoitrbegdy NGvla n d
Chall enge for Future Cgmpetabhgoshaoepatiogusechrt

that would seek to overicemes etdh es eam tciocnidpuactteod Itienci
The program i s suppophotnmngniDODappepseaclhids t o quant
pr oc easss iwegl | as research at the National Il nstitu
for i mproduantggi oecyrehids devetes and to facilitat
ne-gener attihoinn &l itlrns .

- EUPOOEOw2i EVUUDPUaw" OOEI UOU

For decades, many have argued that (noari nothnaei niinng &
secure alfloredt mehv@mmerssd semi conductor pabobidocal i s
seculrhet yDepart ment of Defense has exspumemslsiedr sconc
of s emi clooncdautcetedorosut si de t he United States, espec
host mhg become hostile to U.S. interest s, a sit.t
October 2020, EIlIl en M. Lord, Under Secretary of

testified:

Reduced U.S. capability in microelectronics is a particularly temame area for the
[Defense Industrial Base]. Government incentives and low labor costs in foreign countries
have been the main drivers for the migration of microelectronics manufacturing,
packaging, and testing to eshore suppliers. This strains ouiléfpto acquire and sustain
microelectronic components embedded in systems critical to national security and national
defense. Reliance on nd@hS. suppliers for microelectronics leaves DOD vulnerable. The
risks of this reality include: availability of mioelectronics in case of embargo; loss of
U.S. intellectual property from offshore dependency; and loss of confidence the technology
will function as intended due to possible malicious activity by foreign fabric&tors.

Anot hermariingla i mfiincg sae ndiocneerssduct or production capat
uses is thatremmiugh dmstmoreo kixdaams bee fwemapenal $ys
unsust.Addiabi enal 'y, military systems may benefit

¥%pOD, D A BomtAUniversity Microelectronics Program (JUMP) httast//www.darpa.miffrogramjoint-
universty-microelectronicgprogram

197 An NNI signature initiative is a mechanism for combining the expertise, capabilities, and resources of federal

agencies to accelerate research, development, or insertion, and overcome challenges to the application of

nanotebinologyenabled products.

198NSTC,NSET,7KH 1DWLRQDO 1DQRWHFKQRORJ\ ,QLWLDWLYH ,pXB,OHPHQW WR WK
http://www.nano.gositestlefaultfiles/pub_resourcehi_fyl7 budget_supplement.pdf

19NSTC, NSET,7KH 1DWLRQDO 1DQRWHFKQRORJ\ ,QLWLD\WIButetpXOSeBOHPHQW WR WK
https://www.nano.gogftestiefaultfiles/pub_resourc®&INI-FY20-BudgetSupplementinal.pdf

200 Testimony of Ellen M. Lord, Under Secretary of Defense for Acquisition and Sustainment, before the U.S.

Congress, Senate Comméten Armed Services, Subcommittee on Readiness and Management Sygmalst,Chain

Integrity, 116" Cong., 29 sess., October 1, 202@tps://www.armeeservices.senate.gagwnloadlord_-10-01-20.
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semiconducspri habhecabeence of

S h competition,
systems may not¥®advance as quick

uc
ly.
#. #w3U0UUI EwnOUOEUaAwW/ UOT UEOD
I n OctobeDep008, Sebertary of Defense Paul Wol fov
I ntegrated CisrcsutirtatStgryafiae ggyuterdy htirmeagad & hae def ense |

that includes | eading edge, trusted commerci al ¢
weapons, intelligence@?and communications syster

Faced with theigloomallcitoat imamudfacdami ng, which D
as diminishing its visibility into supply chains
Trusted Foundry Program (|l ater expanded to encor
chai nD&tnr s ed su)yml 20rOUpdegrBami s program, the ¢
fee to companies deemed secure sources to g

i mportant to*®h8M beghndebeksaeag wityeabODoinnr
to servie ael BOPr o veiddgeer, osfe clueraed ifnogundry ser vi .
announced that Gl obal Foundri es, owned by Mubadal
government of Abu Dhabi, i woebdcavegeuedeunhkdert wbel
Foundry Program contract. These facilities are |
N Y204

The Committee on Foreign Investment in the Unite
2015 cl ear ed®@lheb alcRaui rsdrtiieosn t hen sought accredi
remain part of the Trusted-hfaumgdry tRregr OMN. I n A
Semi conductor announced i 6EawsoculFd sphukriclhasfeacGllo btayl
mi |l | i canld.Fo@lndlr i es plans to contihheoughopeéeate t
when thesfagpkame duMSbemi cOo Gd wotnepo neftdelDs

current contract with GI obal Foywenadrr ireesn e vwa tsluep pd pyt
throug® 2023.

uar ar
2004
ces

201 Daniel M. Marrujo,Trusted Foundry PrograprDefense Microelectronics Activity (DMEA), October 31, 2012, pp.
11-12.

202 Department of Defense (DODPefense Science Board Task Force on HiglidPmance Microchip Supply
December 2005, pp. 838, athttps://dsb.cto.miteports2000sADA435563.pdf

28DOD6s DMEA office administers and nmograngseDOD tndtrectionr ust ed f ou
5200.44 Protection of Mission Critical Functions to Achieve Trusted Systems and Netdawks ai | s DMEAG6s rul es
specific to integrated circuits.

2“Mubadal a, iGl obal Foundries Compl et esdo Acrgeusiss irteil cema scef, [JBIM yM
2015, athttps://www.mubadala.comnhewsgjlobalfoundriescompletesacquisitioribm-microelectronicsusiness
205Gl obal Foundries, i Gl obal Foundries Obtains U.S. Government

Acqui sition, 0 pr es ditprienwwglabali®yndridgsicomewsd@rpresgrdleasef01586/29/
globalfoundriesobtainsu.s-governmentclearanceor-ibm-microelectronicsbusinessacquisition

2%6G| o bal Fo@WnSeémidoredsctor aiid GLOBALFOUNDRIES Partner to Transfer Ownership of East Fishkill,
NY 300mm Facility 6 Apr i | h#p&/wwldobafqundades.coméwseventspressreleasesemiconductor
andglobalfoundriespartnertransferownershipeast Gareth Halfacree GlébalFoundrieSells Fab 10 to On
Semiconductqr 0 -tdeh, April 23, 2019, atttps://www.bittech.nethewstechtpusglobalfoundriessellsfab-10-to-
on-semiconductof//.

207 DMEA awarded the current Trusted Foundrygrnam contract, which expires on March 31, 2023, to
GlobalFoundries under HQO7A6-C-0001 on April 1, 2016. During the transition through the end of 2022, ON
Semiconductor will essentially act as a customer for GlobalFoundries.
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2007 ust bdPrFoogurnadmm yw & € Iv 0 odhetiseiahgusdeemb | vy, t est i n
ckagi.D@Df assmerts stulpagptl iietrs atccufetdepdade dnt pé amn
suppliers capabl e of perdogve 0 ftspa tde Uistc @ das e r
gacy parts by certifying that suppliers mee
i Derrtied. supplier accreditation is focused on

ciliti eshaanndd ipnegrrspoinonfledlc mati on and communi cat.
nnect edd&t onaan upf ARG waeti nyuly 2, 2020d t here were
ci®®ities.

e Trusted Foundry Program faces several chal/l
pplying only about 2% of the 1.9 ®%i 1l 1ion semi
cordi ngl tt owabsODs,soon recogni@edapalitl offesihgf bn
usted microelecfTbeaei Tsusue gwayso cbhrdoi apd ePrr eodg rtaom]i n
her

r2dtism ealddi tedcoong niDzODs rt hat its needs represent
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ment and a | os sodfbMhaerutn itgeucét naocl coegsise st.o st at e

i on, DOD is concerned that Gl obal Foundr
s supplying the military, is falling bet
feature sizes, potentially |l eaving the
nt age.
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es, there is the broader issue of
tunities fTorotisraeappe edveobfhawaes
ms . DOD perceives potential threa
di g design, fabrication, packagi
paustethsopphi ODaccreditation pl
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sed,

208 Catherine Ortiz, outreadnanager (contract ), Def e n sDBMEMiIrusteddeundzyc t r oni c s
Program 6 Power Poi nt -84 Gcolenld, 201 5tbtips://mvypwpndtahd.&mvp-contentdploads/
201604/Ortiz-DMEA-TrustedFoundry.pdf

209 Unlike GlobalFoundries, most accredited suppliers do not have contracts that guarantee a flow efelafedse
orders. The Defense Microelectronics Activity (DMEAgimtains a list of suppliers on the DMEA Trusted IC Program
website, ahttps://www.dmea.osd.milfustedIC.aspx

210Kirsten Baldwin,Policy Perspective: The Current and Proposed Security Framewiegartment of Defense,

August 16, 2016, p. 12, https://www.ndia.org/mediasitegndiaineetingsand-eventsdivisionsbystemsengineering/
pasteventstrustedmicro/2016-augusthaldwin-kristen.ashxia=en

mi croelectronics suppliers to increase cor

1%) of gl obal demand for semiconductors, me
it once was. This presents two potential ri

21Cat herine Ortiz, outreach manager ( c DMBEAMrastetd foundpef ense Mi ¢

Program 0 PPmint eresentatiorp. 23 October 10, 2014t https://www.ndtahg.com/p-contentliiploads201604/
Ortiz-DMEA-TrustedFoundry.pdf

212.S. Congress, Houseommittee on Armed Services, Subcommittee on Oversight and Investigatisessing

'2'fV $VVXUHG $F FHe¢txonisRn SuppdstRf U.S. National Security Requiremédn#” Cong., 29sess.,

October 28, 2015, pp. 3 and 7; abdtherine Ortiz, ameach manager (contract), Defense Microelectronics Activity,

D O D DMHERA Trusted Foundry Programdé Power Point presentation, October 10,

213|n 2018, GlobalFoundries announced it would provide services at 14nm and above nodes, but defense customers
would need to find other suppliers for more advanced technologies at 10nm/7nm and beyond, choices that are currently
limited to Intel, Samsung, and TSMC. In June 2020, GlobalFoundries and SkyWater announced that they would partner
to make chips for U.S. defemprograms.

2“Catherine Ortiz, outreach manager ( c DMEArastetd foundpef ense Mi ¢

Program 6 Power Point presentation, October 10, 2017, p. 11.
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For several vyears, DOD has i mplemented a new str
moving away-sfouomet g usdlead foundry approach and
to commercially prhoydueresdu rmimncg osed pepcltireorns crseet trou

N#dmd<2019, Congress included Section 224 in
Fi scaP. LYeQar,l @ mnxsd r(ucti ng DOD to establish su

urity ptraaolasesof omi cr oel ecrta olnatcesr ptrhoadmu ck asn wa
1, and requiring that al/| mi croel echyonic prc
uarvy?1, 2023.

Among ot h efforts, in October 2019, the Under s

mi croelectrobObschaori nhbhbeembki macypel
productio assure access to trustpwdrvtahhye sour ces
partnerships may address any shortfalls. The mic
202 8DOD al so begame am 20ilt7i athe Microelectronics
Security and Economic Competitiveness (MINSEC) ¢
ways to ensure that DOD canft meitn tdeeisn gint,s faachod scsa
assemkelsy, ng, and packaging capabilities. 't al s

er

Engineering tasked the Defense Science Board to
e d
n

- -

facilities can fabricate chips-tbarevODb,peand ot he
i nduwitdey security standards and ftorlalcoevaibnl ge oatnhde r
observable practices, for product8 on hefr mMicdrodelre
2020 testi mony, Under Secretary of Defense Lord

[DOD is] proposing a new model to help restore U.S. microelectronics, which requires

novel business concepts allowingD to leverage commercial market advancements and

demand, which drive the microelectronics industry. Such novel relationships will allow

government and industry to collaborate andira@st to build and sustain domestic

microelectronics capability that neither can afford to fund independently. Investment in

i ndustryds <capability -oftbearpmicodlectromics twougdh v ol ume st
provide the commercial sustainability that would then allow the production of lowneolu

stateof-the-present and legacy part©D requiresz'®

215Kristen Baldwin,Long Term Strategy for DOD Assured Microelectronics teand Innovation for National
Economic Competitivened30D, October 24, 2018, p. 19,Htps://ndiastorage.blob.core.usgovcloudapitrekd/
2018kystemsyVed_21335_Baldwin.pdf

216 The standards will systematize best practices relevant to manufacturing location, company ownership, workforce
composition, access during manufacturing, suppliersdéd desig
reliability of the supply chain, and other matters germane to supply chain and operational security.

217 Memorandum from Mike Griffin, Undersecretary of Defense for Research and Engineering, to the Defense Science
Board, October 30, 2019.

218 MINSEC has two ther main objectives: to invest in niche capabilities for the military, such as raehatidaned

electronics and specialized RF and elemptical chips and to develop a microelectroffmsused workforce in the

United States. Al seontsaego Y atsani Bio orsatd j Idrevhe stifent i n Microel ect
National Defense Magazindune 14, 2018, attps://www.nationaldefensemagazine.artitles20186/14/official-
pentagorinvestingbillions-into-microelectronics

219 Testimony of Ellen M. Lord, Under Secretary of Defense for Acquisition and Sustainment, before the U.S.
Congress, Senate Commitiee Armed Services, Subcommittee on Readiness and Management S8ppply, Chain
Integrity, 116" Cong., 29 sess., October 1, 2020.
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"UUUI OUw2] OMEOEGBUEW®UT PUOEUDO
The Trump Administration and Congress have sough

semiconductor manufacturing compethtoughespsadad
and investment measures.

In the past, congressional efforts related to se
bills that Congress is currently considering wol
tax credinwsest me mbtraciende sieSmi conductor manufacturi
fabrication facilities, as well as authorizing f
The Creating Hel pful I ncenti Yes BmeBiodudet SE mi
39AH3 R. )wdwl8d, among ot hmhémvieelimgant ¢ dhtaseidiesh taf ol
semi conductor manuf acftaucrtiunrgi negq ufi gocmelnitt iaensd; neauntuh o
billion for semiconductor R&D, wor kforce trainir
funds for state and | ocal semiconductor progr ams
access ef ftortthse [menpdardtimeenct of Commerce to assess
i ndustriuaplp obrats es etnoi cso nndauncut foar c tduersiinggn, aanndd U. S. i nt
with such capabilities in other countries.

The American Fouxdriviess)l Alacmo md &t0R&Or (t hi ngs: auth
billion f orr esleantiecdo nRd&Dc,t ocronstructi on of faciliti
and intellectual ipvegefrdry;t ha tdrogdtzieon ,ncexgansi o
mi croelectronics manufacturing or advanced R&D f
intelligence agencies for assured and secure mioc
plan tateowitdhnforeign government partners on es
export control and foreign direct investment scr
mul tilateral security priorities.

Addi ti onal details onptrbei g8ENMNP@L[O&hEe i n these ac
semiconduck otrr adhe ugrtawyp, S AC0thhaesr se nhdaovres erda i bsoetdh
guestions abodtedtehal hisgilp ploevelf oof a single indus:
an industrial policy for 2 emiconductors or any
A number of provisions in the Creating Hel pful I
Ameri ca

Act and itehse AAcmie roifc a2n0 2F0o uhnadvre b een i ncorp
0

Senate versi ns of the FY2021 National Def ense £
The House ver sil.oR. p6 Wdined DAAhEér things: authori
semi conductor grant program to support construct
semi conductor fabrication, assembly, testing, paeé
Uni ted States, provanmnti ;ngdiurpe dto BaBdPebniayl |ieofarfdopraet r migdr
i ncentivize the formation of a consortium of U. ¢
agencies have access to secure microelectronics,;

2051 A, ACHIPS for America Act Would Strengthen U.S. Semicon
June 10, 202, athttps://www.semiconductors.orfipsfor-americaactwould-strengtheru-s-semiconductor
manufacturingnnovatonfland S| A, A American Foundries Act Would Provide
Semi conductor Manuf act ur ihtipg:/wwRsemieoaduators odagheritarfoundri@sact 2020, at
would-provide needednvestmentsn-u-s-semiconductemanufacturingresearch/

21see, for example, Thomas Duester ber \allSteAloemiJna22Doesndt Ne
2020, athttps://www.wsj.condrticlesAmericadoesmneedanindustriatpolicy-1159284598pand Scott Lincicome,

fDoes the ducstorSelmmacwsntry Really Need Urgent Taxpayer Suppc
23, 2020 https://www.cato.ordllog/doesus-semicondctorindustryneedurgentfederatsupportstopchina
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Uu. S. indastoi albppart semboohdottuoindesagd 8&8né.
interdependencies with such capabilities in othe
Mul til ateral Semiconductor Security Fund to buil
require the establishment of a Manufacturing US/
manufacturing R&D; establish and authorize $9114
technol ogy center to conduct resear oohH ogryd protot
and authorize an additionel a$82880 R&DI.IRho®8B&LR 1ser
was passed by the House on July 21, 2020.
The Senate version hef Nahta omYad0 Dl f s, Aut hori za
Year 2028049ncl udes pr oviHs iRa nde3sdomi b eed & wo v éh,0 steh
u

does not i ncl de the provision that would direct
to ensure DOD and intelligence agSencdviisd chave acoc
al so require DOD to certify that covered printec
in the United States or certain nations for al/|

I n additi on, the Heal LhabEtonhgmiPc oAesitstoamnand S
i ncorporates many. oAMBIhR. pAlow8 si ons in

"OOEOUEDOIl w. EUIl UYEUDOOU

Some policymakers assert that continued U.S. | ec
and fabrication is important to the U.S. economy
that these funetiropsedcduby hoadbedi aputes or mili
Congress may opt to consider how best to maintai
competitiveness, address ongoing discriminatory

ensur e aoctceecstsedt ocanpddr secure LHUrPSe d oaf Aaneénrti &ian Ach
t hAemeri can FOARAD i @ 2B eitnt approaches to addressi

e key policy question is: What i ssetehkei nagp ptroopr i
sure the U.S. position in semiconductors (or ¢
bated the wutility and fairness of policies the
rgeted gover nment apsocsliisctiaensc eg e ndedrvaolclayt ejsu sotfi fsyu c
the presumed benefits of attaining or retaini
nomic growth, and furthering other policy obj
hergygi nredheependence, or reducing carbon emiss
cterizeii sdobt popii clpielsg awi, nocceic®r pod at eser s,
rgeguing that the federal gover nmeeas &Srhaodul d
ions, and that such attempts are in any ca
e agnostic with respect to technology,
r; that feder al ffiumdilrg csommpulnd ersgt asnudb s ihdi
ated with such policies may be used to proc
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criticisms have been of | esds cromlceerinn i n tt
fos ring teaxth:n,0lamgd eisnd ypgtordiues deemed central t
def gdmosceused efforts have been | ess controversi al
constitutionally mandated function of the federe
goevr nment action, the technologies, products, an
not exi st.
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The fact that semiconductor technologies and chi
national security complli cradlees itrhee dsraitreg ab.oSu.t It
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government access and assurance of chip fabricat
gover@meamnhounced plans to build independent <cap:
supply chai ncormadisckeraatdiiadnonfadr U. S. policymakers

The programs and goll P&i ésri Ambuded Aattaed the A
Act ofl R080rate a variety of mechanisms through
actively promoteasectoveaemi oontbyctJoiS. compani es and
pradui on. These mechanisms include
X investments in R&D, i nccpbudivaget bprottgbr shepas
X nducement s, such as grants and tax benefits

apagyg for the fabrication of semiconductor s,
qgui pmadtvaarce d,t 2s fdmlylpyackagi ng

i

c

e

X support for investments in science, technol o

(STEM) education and skdiulcltsort rdeeisnigmng arnedl at ed

fabricati on;
t
t

i nvestments in the development of manufactur
investments in infrastructure (e.g., measur e
materials characterization) to support the s
x efforts toiobegdahat Eéedpdal activities; and
efforts to assess the global semiconductor c
feder al policies.
The | evel of funding needed for each of these ac
relevant qumpltée: . ondow Floar gexawoul d the tax benefit
semi conductor manufacturers to build future plar
feder al government need to invest in R&D and r el
t ec hnlod adggyr shi p? How | ong would these incentives
How much would the federal government need to ir
adequate workforce for expanded adnodeassbi §, semi cor
t dsngnplack &gHoege much would it cost to ensure a dc
o] al | nati onal security applications? Would Con
i

creased costs oamavkcudddvaigtehr egbusge®D®Dent

ot her set of questions relates to how ot her ne
ates: Should federal policies to ensure contir
rategy that aliledwsndtwoiromel asangartonofalt he semic
ould U. Sinisemscmadust or researtrchcbobur emdnasd apar
rgewi ahf oesmiamdedi E«k®@unncieams i vi ze R&D and suppl

< dPDTO SO+ S5 -ODMAOOD®D®D®D =

PO ~O—nL K>

untieatsa €had ep dMhiadci eags 2 t he prospesttad epol ctcuriser
rough changes to global trade rul es?

ngress may seek to assess the effectiveness of
proaches in advémresneintg dChiemegso®ng control, and
mi conductor activities and forcing foreign tec
aluate whether new authorities and efforts are

sucht aatse scontr ol of compani es, subsidies, techno
di scriminatory practices.

Congress may wa@Ghina teahnmaltegyW.tSi.es that contri
Chimai ndi genous semicondoct odéei Gduesat menT heselUasb
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technology firms with niche and emerging capabil
States; imports of U.S. semiconductor equi pment,
technology; pavéemeuséds pwi amdUj 8i ntirms; access t
of foreign talent; and participation in open sol
to addressythe bbbl belmi Etenductor capabilities de\
government R&D investments imeédmatefdf oitskiso mint ipeg
Congress might |l ook for ways to further protect
capabilities developed with nthse. sTuhpepsoe ti sosfu els. Sma
|l arger i f, as some Members have proposed, there
devel opment of semiconductor technol ogies intenc
Congress may hol d eseamidn@gnadiysdi seolh sthedie t opi c.
its consideration of the | egislation before it.
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Two devel opmelndt4s0 si,n ctohmep sliasttesirda nptdh e rfaoundati on f o
devel opment of andecoapubess Fhietsotr was the Electro
Numeri cal I nt egENL AC tahred f auneppotgeegnredreata bt e oni ¢
di gi tal wb d mpauntinaosu, nlce4dd ¢ nAr my Bal |l i sti tuRdedarch |
devel opment of the ENIAC atoatlicaul lntievearrgiitly eafy HRd
With semiconductor devicest hsausidndsn afhev acuukwm et,u
crystaleldiyesdeg,esri st omaki agdi ¢tapaacBgpedemough to f
roome second maj orn devdavlhepmd&rtd | cdmé eiphone Labor

broadly asuiBedilngL acbns )f,e doer d U r Wargled r Wahre n linley,&@ sitt ime n t
transsamioconduct or device capabl? of regulating

For the next decade, engineers sought to increasc
ftyranny ,0d threenitbedrrosi tnlpeh asnrededdennielodd st wee en

comp@ma&myomponents. As the numbercomfpusgawpegonent s ¢
so did the number of connections required, addir

Army Signal Cor pssatalelspn gdis tioly caddndarmii ng make al |
components the ,svamdéi #ii 2z d nsgocda LBlada pbee s napped t oge
form a circuit witRodi ffkeeentedolimt ib3iid8vaasi deg v el
| nrsutmewittshienventi on of tWwki ¢cmtiegec att par at ed ui ¢ si st
and transistor ¢ hen sa& ms ic o g ldgeecrsnianigregenitelnye ntther eaf t e
Fairchild Semicondbatsle@® idreated e eda afoicn anle cl@adn, par
of which could be removed to create the necessar

pr odu?®Whiolne the invention of the 1 C was accompl i
gover pmentod Cwsani | i t araynat supseecse ,supplied the initia
all owed manufacturers to reduce cost s. As | at e ¢
tot al Uu. S. | C sal es; today, t heusgeo vea rnkmetn tf anra k e s

mi croel 8ctronics.

31 ) @xEOI Ul w1 EOOI O |

Throughout the 1960s and 1970s, the U. S. semi cor
unchall enged on the world stage. FRRPVKESWHRQ U. S.
from an estimated 8ilf7R2f tB6O0 W & BARGKMELEKD %

222 Executive Office of the President, National Science and Technology Colediiinology in the National Interest
1996.

2Nobel prize.org: The Of The didtoaylof th® Inter&ted Cifcuittah e Nobel Pri ze, 0
http://www.nobelprize.orgducationafghysicsintegrated_circuitiistory.

224David C. Moweryii Feder al Pol i cy aSenicondicers, Cempedr ldapdwezen and @omputer
Sof t war @&,,indludddadal cleapter in the National Bureau of Economics RegpedniatationAccelerating
Energy Innovation: Insights from Multiple Sectav&ay 2011, https://www.nber.orghaptersf11753.pdf See also
Dave ChesebrougfiTrusted Microelectronics: A Critical Defense NeeNational DefenseNovember 30, 2017, at
https://www.nationaldefensemagazine.artitles201710/31trustedmicroelectronics-critical-defenseneed
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remai ned @wfHowewrda ©i@dced s dmpesmi conductor indust
early 1980s st apateantcioanlc edencsl iamheo uitn t he competit
i nduByw rtyhe Itahtee UL98.0ss,hare of gl obal 2 emiconduct

When Japan captured the majority of the gl obal [
all eged that Japanese companies achdégeved this pc
protefctiitom domestic market, stifli%®g the sales o

I n 1t98e7 Def ense®BBask nfEeer Booaamd Semi conductor Depe
|l eadership in semiconductor manuf acitheing was ré
manufacturing capacity oé behaeagUl 8stseémi one@ughor
principéeélbluy Jodpaewenegmeaodmecet mhgt hat technol ogi ¢
beingl hoaddition to the deicde niendusttrhye, stehmé ctoaadhu

t hfitel ated upstream industries, such as those t h;:
equi pment, are |l osing the commerci al and technic
i mportant aspecltesgyyfampd omaerssf detchmi ng, as wel |l a

i NnovoEt i on.

The task fortlker fcomatkindgododr rame rith did@®wed/rotpi, um t o
demonstrate and advance the technology base for
smi conductodre satde\vibé endp rti mics paad tamel most cruci al r
the Taskh€&€oreportfitchset iimattedlt hcaatpi t al i zati on of
members would be on oahed o0 enddeendmeffe d$e2r5a0l nsiulplpioornt, o

approximately $200 million per year®for five yec
The U.S. government responded to these devel op me
bil ater al agreement t o soepneinc otnhdeu cJtaoprasn easned nparrokveitd
funding for a research consortium to support U. ¢
These efforts pidapunedetimme ohda&tWBWrSAgreement an
SEMATECH (short rf dwanSidmicaamrdhogt frechnol ogy) .

2$1 3$III

In 1987, 14 U.S. semicondua@at orskiarict Acvosutsione d i 8 Bl
TX. From &FYL9B®B, Conga etsos @gbrr aovfii dreadti é ltyoo$H8 7 0

225 Consumption as measured in value. William F. Firfdrg International Transfer of 8gconductor Technology

Through U.SBased FirmsNational Bureau of Economic Research, Working Paper No. 118, New York, NY,

December 1975, &ittp://www.nber.orgdapersh0118.pdf Peter R. MorrisA History of the World Semiconductor
Industry, The Institution of Engineering and Technology (1989), p. 141.

226 National Research Council, Contteie on Comparative National Innovation Policies: Best Practice for the 21
Century Rising to the Challenge: U.81novation Policy for the Global Econonfyigure6.1, 2012, at
http://www.ncbi.nlm.nih.gowdooksNBK100307 Share data based on nationality of company.

227Douglas A. Irwin, The Political Economypf Trade ProtectionNational Bureau of Economic Research, The U.S.
Japan Semiconductor Trade Conflict, January 1996, p. 7. A version of the chapter is avditlvatw.nber.org/
chapterst8717.pdf

228 Department of Defense, Defense Science Board, Task Force on Semiconductor Dep&egentyf Defense
Science Board Task Force on Semiconductor DependEabyuary 1987, dittp://www.dtic.milkgi-bin/GetTRDoc?
Location=U2&doc=GetTRDoc.pdfeAD=ADA178284

229 bid.

230The 1986 U.SJapan Semiconductor Agreement included three major provisions: (1) Japan agpedits o

markets to U.S. semiconductors; (2) Japan committed to the goal of a 20% foreign share of the Japanese market by
1992 (which was not reached during the life of the agreement); and (3) Japan agreed to stop dumping in third markets.
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1998A 1992 evaluation by the General Accounting
Account abifloiutnlyda tOf f i c e,

SEMATECH has shown thatgovernmenindustry R&D consortium can help improve a

U.S. industryés technological position by develop
Whether this can be replicated and what conditions would lead to this result in other cases

is uncertair?®3

s members and the goverr

combined resources of t
ts competitors.

kept its secretdd from

In July 1994, the SEMATEGQH: cBxomyeda dodi thii oreaclt ofresd evroa
after96kKd 9¢c oncsoonrttiinuumed t o operaltleowinn-g anfdeucsea irgn f u
compani esoltloowiongn.t he departure of members Intel
was absobhéef8t bye Uni vReolsyitteyc honfi dNtelmassteimt& uvtne

Al ban.y, NY

Amo 8&EMATECH eadi ng detractors was Cypress Semico
T. J. Rodger s. In a 1998 papmerf e Rordaglerfsu maisreg twas
to | arge, wealthy companies; that chwnerdedgs oonf s
participating in SEMATECH due to its minimum $1
engagidl dacbhoarctkr act s tSIEEAMATEELCMHI dd romen access t o tec
emerged from SEMATECH research. ABE@iths @éd twipe Rodg

[

[

231 CRS Issue Brie3024,SEMATECH ssues and Optiongune 12, 1996. Available to congressional clients from
CRS upon request.

232 National Research Council, Policy and Global Affairs, Board on Science, Technology, and Economic Policy,
Committee on Comparative Innovationliey: Best Practice for the 2LCentury,215 Century Innovation Systems for
Japan and the United States: Lessons from a Decade of Change: Report of a Syngfif¥lum 8, at
http://www.nap.eduownloal/12194

2331.S. General Accounting Office (GAO, now known as the Government Accountability OFe#¢ral Research:
Lessons Learned from SEMATECH fi Hi g h | i -9A283s SeptemReC ZBD1992 Htp://www.gao.gov/
productsRCED-92-283

2347 J. RodgersSilicon Valley Versus Corporate Welfa@ato Institute Brief Papers, Briefing Paper No. 37, April 27,
1998, athttp://www.cato.orgdubsbriefsbp-37.html
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Table B-1.TheTop 15 Semiconductor Suppliers Worldwide

Headquarters  Operating 2019 Forecasted
Rank Company Location Model Sales (billions) Main Business Segments

1 Intel United States IDM $69.8 Microprocessors, logic, nen
volatile memory, and FPGAs
for computers, servers, and
other electronic equipment

2 Samsung South Korea IDM $55.6 Memory and logic
3 TSMC Taiwan Foundry $34.5 Contract foundry
4 SK Hynix South Korea IDM $22.9 Memory mainly
5 Micron United States IDM $19.9 Memory and logic
6 Broadcom United States Fabless $17.7 Integrated circuits
7 Qualcomm United States Fabless $14.3 Chips for wireless modems
and other phonerelated
devices mainly
8 Texas United States IDM $13.5 Analog and logic devices for
Instruments the automotive industry and
other industrial applications
9 Kioxia (formerly Japan IDM $11.3 Memory mainly
Toshiba
10 Nvidia United States Fabless $10.5 GPUs andsoCs
11 Sony Japan IDM $9.6 Integrated circuits
12 STMicre Europe IDM $9.5 Analog and logic devices for
electronics the automotive industry and
other industrial applications
13 Infineon Europe IDM $8.9 Analog and logic devices for

the automotiveindustry and
other industrial applications

14 NXP Europe IDM $8.3 Analog and logic devices for
the automotive industry and
other industrial applications

15 MediaTek Taiwan Fabless $7.9 SoCs for wireless devices

Source: List prepared by IC Insights based on 2019 sales forecast.

Notes: Integrated device manufacturers (IDMs) operatdause facilities worldwide where they can conduct
chip design and manufacturing, as well as assembly, testing, and packaging. Fatldegadiemnslely in chip

design and partner with contract foundries (fabs that do not make IC products of their own design, but instead
produce ICs for other companies) to manufacture designs into physical chips. F#F@&/ Programmable Gate
Array. GPU = Graphics Processing UiBistemon-a-chip (ScC) is a chip thaintegrates an entire system on a
single chip

Congressional Research Service 50



Semiconductors: U.S. Industry, Global Competition, and Federal Policy

AppendixC. 21 OPEOOCHU®OEOW Ew+1 1 PUOEU
Ul 1 wudOTl Ul UU
The following bills moaldatceadr
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The Creating Hel pful I ncentives to Broduce Semi
39H3I R. ) 7Wa8 introduced by Senators John Cornyn,
Rubi o, aBdnKymastanthe Senate and by Representat.

Mat sui ien. thse iHotursoduced, the act woul d

x est abrleifsuhndaa bl e i ntvefsdarmemua ltiafxi ecd esdémi conduct
manufacturing equi pment orhenadmniftaeduri ng fac
St a®®e s ;

x establish a programmatasNir®&meine scpearct, R&D ain
mat eri al characterizati on, i nstrumentati on, |
capahb,i land easut horize, for FY2021 through FY20
X $10 millioesparchean Boapport the virtual i ze

of maintenance of ysemiconductor machiner
Xx $10 million @gdevarnyead dJtosetpibabga gd mdg

capab;i land es
X $30 milliorevedropy exgr afeari depldoygi og

ma n ufuarci enlgatiedat i onal and skills training ct

x establish a program at DOC to match semicond]
programs at the state or | ocal l evel using f

Section 301 of tdheep oTsricatdebe ddica a todd 1t9r7wdst f und;

x authorize the use of atrelseeaasgtc h§5 O emiell loipae nitn
test, anfRPV&Epaappnopriations to fund RDT&E
training as prioritized by the Secretary of
Secetary of Commerce and the Secretary of Lab

x directa®dO€s s ot he clapBanbdiusittriieasl obfastehet o suppor
nati onal defense in Iight of the gl obal nat u
i nterdependenci es mmdatuwsaean atlh e alsrei taendd Sthaet @snd
base of foreign countries with respect to th
semi condwantdomreport to Congress within 90 day

X authorize $750 milliMwml tfioMabttkealeeniabs i shment
Security $Swumppgort the devel opment and adopti ot
mi croel ectronics and secure microelectronics

x direct the President to establish a new Nati
subcommimat ¢ersnU.ekademghitm in semiconductor |

235|f implemented, the tax credit would start at 40% in 2021, which would be in place through 2024, then it would fall
to 10% in each of the next two years and expire in 2027.
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d inpnosatdidnhnrect the gabdcomagytse@ at o pr odu
mi conductor research every five year s;

orize $3.0 billion for a national semico
ampachlmtaoandgping of advanced semiconductors
ate secto and DOD, DOE, NSF, and NI ST;

h
e
v r
horize $2.0 billion for the DARPA El ectror
horize $3.0 bill ioom sfeomi cNoSnFd U cotrorbsa;si ¢ r e s
hae $2.0 billion for DOE for basic resear
horize $5.0 billion annually from FY2021 -

stablish and operate an Advanced Packaging
nstituteoswupgmporBte ®O€r shi p froelhdvdanceidc mi c
a
r

X X X X

ckaging

omostandards devel opment

fostemprgwhltiec partner ships

devel op R&Dagvagcemsetlonol ogy devel opment r
packaging

x establish an investment fund to support a s

mi cr oeilcecpparcoknagi ng ecosystem, accelerate te
domestic supply chains; and
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x authorize $2.0 billion in F&2E2Ecappmopgsi at i
Resurgencwithi fuatbveemaining available thro
FY2031;

x authorize $1.5 billion mncrFr&delDedt appiropri ati
reseamwdh h funds remaining available through

x authorize $1.25 bill i on minc rFoYel0e2clt racpmpircospr i at
reseamwdh h funds remaining available through

x authorize $250 million imidcry@®dl2dc tapemiops i at i
reseamwdh h funds remaining available through

x direct the President to establish a National
subcommimi ceeebdbectwhindihc si potld cpyr oduce an annueé
mi croelectronics research and development pl
for br eakntehgreonuegrhast iionrn mi cr oel ectronics resear
strengthen the domestic microelectronics wor |
bet ween government, industry, and academi a;

x direct the Presi deéntCotuon ce slt aobfé nAsdév i asnott rse soind eSnc
Technol ogy st anodmingr caellbeothtmonitese policy

x direct a multiagency effort to develop and s
coordinate with foreign government partners
mi croelectronics exg@otrti twedtrmd ntandc foereiiga r
to align with national and multil ateral secu

X prohibit any funding authorized under the ac:
entities wunder th foreign ownership, contro
t Pee ol Republic of China or the Chinese Commu
adversary, or that are determined to have bel
individuals subject to the jurisdiction, dir
adversaries:; and

X requer®etcthet ary of Defense to establish requi
enf orcement of such requirements, for domest |
design and foundry services by programs, con
recipients ofhiDhODo nfeu nydeianrg ,f rwoint t he enact ment
update the requirements and timeline annual/l"
report to Congress.
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Keigh Hammond, Senior Research Librarian, compiled the trade data for some of the figures used in this
report.
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